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The invention relates to a Prodrug activation method, for therapeutics, wherein use is made of abiotic reactive chemical groups that
exhibit bio-orthogonal reactivity towards each other. The invention also relates to a Prodrug kit comprising at least one Prodrug and
at least one Activator, wherein the Prodrug comprises a Drug and a first Bio- orthogonal Reactive Group (the Trigger), and wherein
the Activator comprises a second Bio-orthogonal Reactive Group. The activator may be a diene according to formula (4): (see
formula 4). The trigger may comprise a dienophile comprising a structure according to formula (la): (see formula la). The invention
also relates to targeted therapeutics used in the above-mentioned method and kit. The invention particularly pertains to antibody-

drug conjugates and to bi- and trispecific antibody derivatives.
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Abstract

The invention relates to a Prodrug activation method, for therapeutics, wherein
use is made of abiotic reactive chemical groups that exhibit bio-orthogonal reactivity towards
each other. The invention also relates to a Prodrug kit comprising at least one Prodrug and at

5 least one Activator, wherein the Prodrug comprises a Drug and a first Bio-orthogonal
Reactive Group (the Trigger), and wherein the Activator comprises a second Bio-orthogonal

Reactive Group. The activator may be a diene according to formula (4):

R1

(4).

10  The trigger may comprise a dienophile comprising a structure according to formula (1a):

T
N\

v
Q. G Y
X—Z
(1a).
The invention also relates to targeted therapeutics used in the above-mentioned method and

kit. The invention particularly pertains to antibody-drug conjugates and to bi- and trispecific

15  antibody derivatives.
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TETRAZINE DERIVATIVES USED IN BIO-ORTHOGONAL DRUG ACTIVATION

Field of the Invention
The invention relates to therapeutical methods on the basis of inactivated
drugs, such as prodrugs, that are activated by means of an abiotic, bio-orthogonal chemical

reaction,

Background of the Invention

In the medical arena the use of Tnactive compounds such as prodrugs which
are activated in a specific site in the buman or animal body is well known. Also targeted
delivery of inactives such as prodrugs has been studied extensively. Much effort has been
devoted to drug delivery systems that effect drug release selectivity at a target site and/orat a
desired moment in time. One way is to selectively activate a (systemic) prodrug specifically
by local and specific enzymatic activity. However, in many cases a target site of interest
lacks a suitable overexpressed enzyme. An alternative is to transport an enzyme to target
tissue via a technique called antibody-directed enzyme prodrug therapy (ADEPT). In this
approach an enzyme is targeted to a tumor site by conjugation to an aniibody that binds a
tumor-associated antigen. After systemic adniinistration of the conjugate, its localization at
the target and clearance of unbound conjugate, a designed prodrug is administered
systemically and locally activated. This method requires the catalysis of & reaction that must
not be accomplished by an endogenous enzyme. Enzymes of non-mammalian origin that
meet these needs are likely to be highly immunogenice, a fact that makes repeated
administration impossible. Alternatively, prodrugs can be targeted to a disease site followed
by disease-specific or -non-specific endogenous activation processes (eg pH, enzymes, thiol-~
contaimng compounds).

Targeted anticancer therapeutics are designed to reduce nonspecific toxicities
and increase efficacy relative to conventional cancer chemotherapy. This approach is
embodied by the powestul targeting ability of monoclonal antibodies (mAbs) to specifically
deliver highly potent, conjugated small molecule therapeutics to a cancer cell. In an attenpt
to address the issue of toxicity, chemotherapeutic agents {drugs) have been coupled to
targeting molecules such as antibodies or protein receptor ligands that bind with a high

degree of specificity to tumor cell to form compounds referred to as antibody-drug
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conjugates {ADC) or inununoconjugates. Immunocconjugates in theory should be less toxic
because they direct the cytotexic drug to tumors that express the particular cell surface
antigen or receptor. This strategy has met Jimited success in part because cytotoxic drugs
tend to be inactive or less active when conjugated to large antibodies, or protein receptor
ligands. Promising advancements with immunoconjugates has ssen cytotoxic drugs linked to
antibodies through a linker that is cleaved at the tumor site or inside tumor cells (Senter et al,
Curvent Opinion in Chemical Biology 2010, 14:529-537). Ideally, the mAb will specifically
bind to an antigen with substantial expression on tumor cells but limited expression on
normal tissues. Specificity allows the utilization of drugs that otherwise would be too toxic
for clinical application. Most of the recent work in this field has centered on the use of highly
potent cytotoxic agents. This requires the development of linker technologies that provide
conditional siability, so that drug release occurs after twor binding, rather than in
circudation.

As a conjugate the drug is inactive but upon target localization the
drug is released by eg pH or an enzyme, which could be target specific but may also be more
generic. The drug release may be achieved by an extracellular mechanism such as low pH in
tumor tissue, hypoxia, certain enzymes, but in general more selective drug release can be
achieved through intracellular, mostly lysosomal, release mechanisms {e.g. ghutathione,
proteases, catabolism) requiring the antibody conjugate to be first internalized. Specific
intracellular release mechanisms (eg ghutathione, cathepsiny usually result in the parent drug,
which depending on its properties, can escape the cell and attack neighboring cells. This is
viewed as an important mechanism of action for a range of antibody-drug conjugates,
especially in tumors with heterogeneous receptor expression, or with poot mAb penetration.
Exaniples of cleavable linkers are: hydrazones (acid labile), peptide linkers (cathepsin B
cleavable), hindered disulfide moieties (thiol cleavable). Also non-cleavablke linkers can be
used in mAb-drug conjugates. These constructs release their drag upon catabolism,
presumably resulting in a drug molecule still attached to one amine acid. Only a subset of
dregs will regain their activity as such a conjugate. Also, these aminoacid-linked drugs
cannot escape the cells. Nevertheless, as the linker is stable, these constructs are generally
regarded as the safest and depending on the drug and target, can be very effective.

The current antibody-drug conjugate release strategies have their
limitations. The extracelhilar drug release mechanisms are usually too unspecific (as with pH
sensitive linkers) resulting in toxicity. Intracellular release depends on efficient (e.g receptor-

mediated internalization) of the mAb-drug, while several cancers lack cancer-specific and
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efficiently internalizing targets that are present in sufficiently high copy numbers.
lntracellular release may further depend on the presence of an activating enzyine {proteases)
or molecules (thiols such as glutathione) in sufficiently high amount. Following intracellular
release, the drug may, in certain cases, escape from the cell (o target neighbouring cells. This
effect iy deemed advantageous in heterogeneous tumors where not every cell expresses
safficiently high amounts of target receptor. Tt is of further frmportance in tumors that are
ditficult to penctrate due e.g. to elevated interstitial pressure, which impedes convectional
How. This is especially a problem for large construeis like mAb (conjugates). This
mechanism is also essential in cases where a binding site barrier occurs. Onge a targeted
agent feaves the vasculature and binds to a receptor; its movement within the tumor will be
restricted. The likelithood of a mAb conjugate being restricted in the perivascular space scales
with its affinity for its target. The penetration can be improved by increasing the mAb dose,
however, this approach is limited by dose limiting toxicity in e.g. the liver. Further, antigens
that are shed from dying cells can be present in the tumor interstitial space where they can
prevent mAb-conjugates of hinding their target cell. Also, many targets are hampered by
melfective internalization, and different drugs cannot be linked to 2 mADb in the same way.
Furthet, it has been proven cumbersome to design linkers to he selectively cleavable by
endogenous elements in the target while stable to endogenous elements en route 1o the target
{especially the case for slow clearing full mAbs). As a result, the optimal drug, lisker, mAb,
and target combination needs to be selected and aptimized on a case by case basis.

Another application area that could benefit from an effective prodrug approach
is the field of T-cell engaging antibody constructs (e.g,, bi- or trispecific antibody
fragments), which act on cancer by engaging the immunesystem. It has long been considered
that bringing activated T-cells into divect contact with cancer cells offers a potent way of
killing them {Thompson et al., Biochemical and Biophysical Rescarch Communications 366
(2008) 526-531}. Of the many bispecific antibodies that have been created to do this, the
majority are composed of two antibody binding sites, one site targets the tumor and the other
targets a T-cell {Thakur et al. Current Opindon in Molecular Therapeutics 2010, 12(3), 240-
349). However, with bispecific antibodies containing an active T-cell binding stte, periphera!
T-cell binding will oceur. This not only prevents the conjugate from getting to the tumor but
can also lead to cytokine storms and T-cell depletion. Photo-activatable anti-T-cell
antibodies, 1n which the anti-T-cell activity is only restored when and where it is required
(i.e. after tumor localization via the tumor binding anm), following frvadiation with UV light,

has been uysed to overcome these problems. Anti-luuman CD3 {T-cell targeting) antibodies
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could be reversibly inhibited with a photocleavable 1-{2-nitrophenyDethanol (NFE) coating
(Thompson et al., Biochemical and Biophysical Rescarch Cormmunications 366 (2008) 526
531). However, light based activation is limited (o regions in the body where light can
penetrate, and is not easily amendable to treating systemic disease such as metastatic cancer.

Strongly related constructs that could benfit from a prodrug approach are
trispecific T-cell engaging antibody constructs with for example a CD3-and a CD28& T-cell
engaging moiety in addition to a cancer targeting agent. Such constructs are too toxic 1o use
as such and either the CD3 or the CD28 or both bindibg domains need o be masked.

It is desirable to be able to activate targeted drups sclectively and predictably
at the target site without being dependent on homogenous penetration and targeting, and on
endogenous parameters which may vary en route to and within the target, and from
indication to indication and from patient to patient.

In order 1o avoid the drawbacks of current prodrug activation, it has been
proposed in Bioconjugate Chem 2008, 19, 714-718, to make use of an abiotic, bio-orthogonal
chemical reaction, viz. the Staudinger reaction, to provoke activation of the prodrag. Briefly,
in the introduced concept, the Prodrug is a conjugate of a Drug and a Trigger, and this Drug-
Trigger conjugate is not activated endogeneously by e.g. an enzyme or a specific pH, but by a
controlled administration of the Activator, L.e. a species that reacts with the Trigger moiety in
the Prodrg, to induce release of the Drug from the Trigger {or vice versa, release of the
Trigger from the Drug, however one may view this release process). The presented
Staudinget approach for this concept, however, has turned out not to work well, and its area
of applicability is limited in view of the specific nature of the release mechanism imposed by
the Staudinger reaction. Other drawbacks for use of Staudinger reactions are their limited
veaction rates, and the oxidative instability of the phosphine components of these reactions,
Therefore, it is desired to provide reactants [or an abiotic, bio-orthogonal reaction that are
stable in physiological conditions, that are more reactive towards each other, and that are
capable of mducing release of a bound drug by means of a variety of mechanismis, thus
offering a greatly versatile activated drug release method.

The use of a biocompatible chemical reaction that does not rely on
endogenous activation mechanisms {(eg pH, enzymes) for selective Prodrug activation would
represent a powerful new tool in cancer therapy. Selective activation of Prodrugs when and
where reguired allows control over many processes within the body, including cancer.
Therapies, such as anti-tumor antibedy therapy, may thus be made more specific, providing

an increased therapeutic contrast between normal cells and tumour to reduce unwanted side
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effects. In the context of T-cell engaging anticancer antibodies, the present invention allows
the systemic administration and tumor targeting of an inactive antibody construct (i.e. this is
then the Prodrug), diminishing off-target toxicity. Upon sufficient tumor uptake and clearance
from non target areas, the tumor-bound antibody is activated by administration of the
Activator, which reacts with the Trigger or Triggers on the antibody or particular antibody
domain, resulting in removal of the Trigger and restoration of the T-cell binding function.

This results in T-cell activation and anticancer action (i.e. this is then the Drug release).

Summary of the Invention

In order to better address one or more of the foregoing desires, the present
invention, in one aspect, provides the use of a Diene as an activator for the release, in a
physiological environment, of a substance linked to a frans-cyclooctene. In connection
herewith, the invention also pertains to a Diene for use as an activator for the release, in a
physiological environment, of a substance linked to a rrans-cyclooctene, and to a method for
activating, in a physiological environment, the release of a substance linked to a
trans-cyclooctene, wherein a Diene is used as an activator.

In another aspect, the invention presents the use of the inverse electron-demand
Diels-Alder reaction between a frans-cyclooctene and a Diene as a chemical tool for the
release, in a physiological environment, of a bound substance.

In a still further aspect, the invention is a kit for the administration and
activation of a Prodrug, the kit comprising a Drug linked, directly or indirectly, to a Trigger
moiety, and an Activator for the Trigger moiety, wherein the Trigger moiety comprises a
dienophile and the Activator comprises a diene, the dienophile comprising a
trans-cyclooctene ring, the ring optionally including one or more hetero-atoms and the diene
being selected so as to be capable of reacting with the dienophile in an inverse electron-
demand Diels-Alder reaction. Activation of the Prodrug by the retro Diels-Alder reaction of
the Trigger with the Activator leads to release of the Drug.

In one embodiment, the activator is a diene as described herein and the

dienophile comprises a structure according to formula (1a)

Date Regue/Date Received 2021-05-07
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(1)

wherein A and P are independently CR*; or CR*XP, provided that at least one is
CR*XP, XP is O-C(0)-(L)a-(DP), S-C(0)~(LP)a~(DP), O-C(S)-(LP)a-(DP), S-C(S)-(LP)a-(DP),
NR9-C(0)-(LP)s-(DP), NR-C(S)-(LP)s-(DP), C(O)~(LP)a-(DP), or C(S)-(LP)a-(DP); LP1is an
optional linker with n = 0 or 1; D" is one or more therapeutic moieties or drugs,

wherein Y, Z, X, and Q are each independently selected from the group
consisting of CR%, C=CR%, C=0, C=S, C=NR®, S, SO, SO, O, NR®, and SiR®, with at most
three of Y, Z, X, and Q being selected from the group consisting of C=CR?%, C=0, C=S, and
C=NR®, wherein two moieties R?, R® or R® may form a ring, and with the proviso that no
adjacent pairs of atoms are present selected from the group consisting of 0=0, O-NR®,
S-NR®, O-S, 0-S(0), O-S(0)2, and S-S, and such that Si is only adjacent to CR% or O;

wherein each R? is independently selected from the group consisting of H,
alkyl, alkenyl, alkynyl, aryl, OR’, SR’, S(=O)R’”’, S(=0):R’*’, S(=0):NR’R”’, Si-R’”’,
Si-O-R’”’, OC(=0O)R’”’, SC(=O)R*’, OC(=S)R’”’, SC(=S)R’”’, F, Cl, Br, I, N3, SOzH, SOszH,
SO4H, POsH, POsH, NO, NO2, CN, OCN, SCN, NCO, NCS, CF3, CF2-R’, NR’R”, C(=O)R’,
C(=S)R’, C(=0)O-R’, C(=S)0-R’, C(=0)S-R’, C(=S)S-R’, C(=O)NR’R”, C(=S)NR’R”’,
NR’C(=0)-R’”’, NR’C(=S)-R’’, NR’C(=0)O-R’”’, NR’C(=S)O-R’”’, NR’C(=0)S-R’”’,
NR’C(=S)S-R’’, OC(=O)NR’-R’”’, SC(=O)NR’-R’”’, OC(=S)NR’-R’”*, SC(=S)NR’-R’”’,
NR’C(=0)NR”-R”’, NR’C(=S)NR”-R’’, and CR’NR”’, with each R’ and each R’
independently being H, aryl, alkyl, alkenyl, or alkynyl, and R”’” independently being aryl,
alkyl, alkenyl, or alkynyl;

wherein optionally one R? is linked, optionally via a spacer S*, to a targeting

agent T" or a masking moiety MM,

Date Regue/Date Received 2021-05-07
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wherein each R is independently selected from the group consisting of H,
alkyl, aryl, O-aryl, O-alkyl, OH, C(=O)NR’R” with R’ and R” each independently being H,
aryl or alkyl, and R’CO-alkyl with R’ being H, alkyl and aryl;

wherein each R®is independently selected from the group consisting of H,
alkyl, aryl, O-alkyl, O-aryl, and OH,;

wherein each R¢ is selected from the group consisting of H, Ci.¢ alkyl, C2.6
alkenyl, Cz.¢ alkynyl and Cz¢ aryl; and wherein T and G each independently denote H, or a
substituent selected from the group consisting of alkyl, alkenyl, alkynyl, F, Cl, Br, and I,

wherein each alkyl independently is an aliphatic, straight, branched, saturated,
unsaturated and/or cyclic hydrocarbyl group of up to ten carbon atoms, optionally including 1-
10 heteroatoms; and

wherein each aryl independently is an aromatic or heteroaromatic group of up
to twenty carbon atoms, that is optionally substituted, and that optionally includes 1-10
heteroatoms.

In another aspect, the invention presents a Prodrug comprising a Drug
compound linked, directly or indirectly, to a trans-cyclooctene moiety.

In yet another aspect, the invention provides a method of modifying a Drug
compound into a Prodrug that can be triggered by an abiotic, bio-orthogonal reaction the
method comprising the steps of providing a Drug and chemically linking the Drug to a
trans-cyclooctene moiety.

In a still further aspect, the invention provides a method of treatment wherein a
patient suffering from a disease that can be modulated by a drug, is treated by administering,
to said patient, a Prodrug comprising a Trigger moiety after activation of which by
administration of an Activator the Drug will be released, wherein the Trigger moiety
comprises a frans-cyclooctene ring, the ring optionally including one or more hetero-atoms,
and the diene Activator being selected so as to be capable of reacting with the rans-
cyclooctene dienophile in an inverse electron-demand Diels-Alder reaction.

In a still further aspect, the invention is use of a diene as defined herein, and a
prodrug comprising a trigger moiety after activation of which a drug will be released, wherein

the trigger moiety comprises a frans-cyclooctene ring, the ring optionally including one or

Date Regue/Date Received 2021-05-07
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more hetero-atoms, in an inverse electron-demand Diels-Alder reaction, for the treatment of a
disease that can be modulated by the drug.

In a still further aspect, the invention is a compound comprising an eight-
membered non-aromatic cyclic mono-alkenylene moiety (preferably a cyclooctene moiety,
and more preferably a frans-cyclooctene moiety), said moiety comprising a linkage to a Drug,
for use in prodrug therapy in an animal or a human being.

In a still further aspect, the invention is a diene according to formula (4):
R
Y
I >
R

X B

i
L
(4)

wherein A, B, X, and Y are N;

wherein both R! and R? are 2-pyridyl, 4-pyridyl, pyrimidyl, pyrazinyl, or
imidazoyl;

wherein if both R! and R? are 2-pyridyl, at least one 2-pyridyl is substituted
with one or more substituents selected from the group consisting of halogen, CF3, NHz, OH,
SH, CH2NH», CH>,OH, CH»SH, butyramidyl, and glutarimidyl; with the proviso that the NH>
is not on the 4-position of the 2-pyridyl, or

wherein one of R' and R? is hydrogen and the other is 2-pyridyl; or

wherein one of R' and R? is 2-pyridyl and the other is pyrimidyl;

wherein optionally each of R' and R? not being hydrogen is independently
substituted with one or more substituents selected from the group consisting of halogen, CF3,
NH», OH, SH, CH2NHz, CH-OH, CH2SH, NO, Cl, CN, COOR, CONHR, CONR, COR,
SOzR, SO20R, SO2NR2, PO3R2, NO, butyramidyl, glutarimidyl, and Ar; wherein R is H or
C1-Cs alkyl, and Ar stands for an aromatic group;

wherein optionally each of R! and R? not being hydrogen is independently
linked to one or more groups selected from the group consisting of a dye moiety, fluorescent

moiety, imaging probe, protein, peptide, carbohydrate, polymer, and dendrimer;

Date Regue/Date Received 2021-05-07
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wherein each alkyl independently is an aliphatic, straight, branched, saturated,

unsaturated and/or cyclic hydrocarbyl group, optionally including 1-10 heteroatoms.

The retro Diels-Alder reaction

Below a reaction scheme is given for a [4+2] Diels-Alder reaction between the
(3,6)-di-(2-pyridyl)-s-tetrazine diene and a #rans-cyclooctene dienophile, followed by a retro
Diels Alder reaction in which the product and dinitrogen is formed. The reaction product may
tautomerize, and this is also shown in the scheme. Because the frans-cyclooctene derivative
does not contain electron withdrawing groups as in the classical Diels Alder reaction, this type
of Diels Alder reaction is distinguished from the classical one, and frequently referred to as an
“inverse electron demand Diels Alder reaction”. In the following text the sequence of both
reaction steps, i.e. the initial Diels-Alder cyclo-addition (typically an inverse electron demand
Diels Alder cyclo-addition) and the subsequent retro Diels Alder reaction will be referred to in
shorthand as "retro Diels Alder reaction” or "retro-DA". It will sometimes be abbreviated as

“rDA” reaction. The product of the reaction is then the retro Diels-Alder adduct, or the rDA

adduct.
. | N
: o~ N¥/
) ——— R
R ' N
P R™ W
:’MMN"'
RF{KM N;}“R

(N_.
A

Brief Description of the Drawings

Figure 1 - Cell proliferation assay performed on A431 tumor cells in the
presence of doxorubicin (Dox), prodrug 38 with and without activation by tetrazine 7, and
tetrazine 7 alone.

Figure 2 - Size exclusion radio -chromatograms of (A) '°I-CC49 and

(B) '*I-CC49 bound to bovine submaxillary mucin type I-S (BSM).

Date Regue/Date Received 2021-05-07
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Figure 3 - Size exclusion radio-chromatograms of (A) !7’Lu-CC49-TCO and
177Lu-CC49-TCO in the presence of bovine submaxillary mucin type I-S (BSM) (B) before

and (C) after 1 hr reaction with tetrazine 7.

Figure 4 - Cell proliferation assay performed on A431 tumor incubated in the
presence of doxorubicin (Dox) and prodrug 50 with and without activation by tetrazine 29
(10 uM).

Figure 5 - Activation of tumor-bound 1-cell engaging triabody.

Date Regue/Date Received 2021-05-07
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Detailed Description of the Invention

I & general sense, the jnvention is based on the recognition that a drug can be
released from frang-cyclooctene dervatives upon cycloosddition with compatible dienes,
such as tetrazine derivatives. Without wishing to be bound by theory, the inventors believe
that the molecular structure of the refro Diels-Alder adduct can be such that a spontaneous
elimination or cyclization reaction within this rDA adduct releases the drug. Particutarly, the
inventors believe that appropriately modified rDA components fead to DA adducts wherein
the bond to the drug on the dienophile is broken by the presence of a lone electron pair on the
diene.

The present invention for the {irst ime presents the use of the inverse dlectron-
demand Diels-Alder reaction between a trans-cyelooctene and a Diene as a chemical tool for
the release, in a physiological environment, of a bound substance. It will be understood,
based on this deseription, that said substance is bound to the TCO. The invention, in this
aspect, should be seen regardless of the specific chemical structure, Rather, it putsto use, ina
general sense, proven bio-orthogonal chemistry, viz. the rDDA reaclion, for a new and
unexpected purpose, viz. presenting a chemical sabstance, such as a drug, in a bound form in
such a way that release thercol'in a bio-orthogonal reaction can be triggered. The term “using
the inverse electron-demand Dicls Alder reaction™ should not be read in a strict sense as
referring only to the stage wherein the two reaction partners for this reaction, the dienophile
of which having the drug bound thereto, are brought together. Rather, it will be understood
that “using the reaction” also implies that one should start with the drug being bound to one
of the reaction partners (viz. the dienophile).

The general concept of using the retro-Diels Alder reaction in Prodrug

activation ts sllustrated in Scheme 1.

Scheme 1:
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“Trigger

drug ™ TCO “Prodrug”

Activation,
reireDisls-Alder reaction {~ N,

diene * Activator”

drug |1 TCO diene | retroDiels-Alder adduct

drugreleass

drug + TCO § diene

In the present invention, the term * Diene” {including the diene in the

foregoing scheme) stands for a heterocyclic wolety comprising at least 2 conjugated double

LA

bonds. The Diene, as comprised in the Activator, can be part of & ring stracture that
comprises a third double bond, such as a tetrazine {(which is a preferred Activator according
to the invention.

In the foregoing scheme “TCO" stands for frans-cyclooctene. The tevm frans-
cyelooctene is used here as possibly including one or more hetero-atoms, and particularly
16 refersto astructure satisfying formula (1a). In a broad sense, the inventors have fotnd thay —
other than the attempts made on the basis of the Standinger reaction — the selection of a TCO
as the trigger moiety for a prodrug, provides a versatile tool to render dmg (active) moieties
into prodrug {activatable} moieties, wherein the activation eccurs through a powerful, abiotic,

bio-orthogonal reaction of the dienophile (Trigger) with the diene {Activator), viz the

pedad

ey
0

aforementioned retro Dicls-Alder reaction, and wherein the Prodrug is a Drug-dienophile
conjugate,

It will be understood that in Scheme 1 in the retro Diels-Alder adduct as well
as in the end product, the indicated TCO group and the indicated diene group are the residues
of, respectively, the TCO and diene groups after these groups have been converted in the
20 retro Diels-Alder reaction.

A requirement for the successful application of an abiotic bio-orthogonal
chemical reaction is that the two participating functional groups have finely tuned reactivity
so that interference with coexisting functionality is avoided. Ideally, the reactive partners

would be abiotic, reactive under physielogical conditions, and reactive only with each other
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while ignoring their cellular/physiological surroundings (bro-orthogonal). The demands on
sclectivity imposed by a biclogical environment preclude the use of most conventional
regctions.

The mverse electron demand Diels Alder reaction, however, has proven utility
in animals at low coneentrations and semi-equimolar conditions (R, Rossin et al, Angewandie
Chemie Int Ed 2010, 49, 3375-3378). The reaction partners subject to this invention are
strained trans-cyclooctene (TCO) derivalives and suitable dienes, such as tetrazine
derivatives. The cycloaddition reaction between a TCO and a tetrazine affords an
intermediate, which then rearranges by expulston of dinitrogen in a retro-Diels—Alder
cycloaddition to form a dihydropyridazine conjugate. This and its tautomers is the retro
Diels-Alder adduct.

The present inventors have come to the non-obvious insight, that the structure
of the TCQ, par excellence, is suitable to provoke the release of a drug Iinked 1ot as a result
of the reaction involving the double bond available in the TCO dienophile, and a diene. The
features believed to enable this are (a) the nature of the rDA reaction, which involves a re-
arrangement of double bonds, which can be put to use in provoking an elimination cascade;
{b) the nature of the rDA adduct that bears a dihydro pyridazine group that is non-aromatic
(or another non-aromatic group) and that can rearrange by an climination reaction to form
conjugated double bonds or to form an {e.g. pyridazine) aromatic group, {¢) the nature of the
tDA adduct that may bear a dilivdro pynidazine group that is weakly basic and that may
therefore catalyze climination reactions, and (d} the bicyclic nature of the rDA addgct, which
allows the formation of a bridge (hence an additional ring) from the diene past of the
resulting bicyclic motety, to substituents on the TCO part of the bicyclic moiety,

It is to be emphasized that the invention 1s thus of a scope well beyond specific
chemical structures. In a broad sense,; the invention puts to use the recognition that the fDA
reaction as well as the tDA adduct embody a versatile platform for enabling provoked drug
release in a bioorthogonal reaction.

The fact that the reaction is bio-orthogonal, and that many structural options
exist for the reaction pairs, will be clear to the skilled person. E.g., the rDA reaction is known
in the art of pre-targeted medicine. Reference is made 1o, e.g., WO 2010/119382, WO
2010/119389, and WO 2010/051530, Whilst the invention presents an entirely different use
of the reaction, it will be understood that the various structural possibilities available for the
tDA reaction pairs as used in pre-targeting, are also available in the field of the present

invention,
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The dienophile trigger moiety used in the present invention comprises a tramns-
cyclovetene ring, the ring optionally including one or more hetero-atoms. Hereinafter this
eight-membered ring moiety will be defined as a rrans-cyclooctene moiety, for the sake of
legibility, or abbreviated as “TCO” meiety. It will be understood that the essence resides in
the possibility of the eight-imembered ring to act as a dienophile and to be released from ity
conjugated drug upon reaction. The skilled person is familiar with the fact that the dienophile
activity is not necessarily dependent on the presence of all carbon atoms in the ring, sibee
also heteroeyclic monoalkenylene sight-membered rings are known to possess dienophile
activity.

Thus, in general, the invention is not limited to strictly drug-substituted trans-
cyclooctene. The person skilled in organic chemistry will be aware that other eight-
membered ring-based dienophiles exist, which comprise the same endocyelic double bond as
the trans-cyclooctene, but which may have one or more heteroatoms elsewhere in the ring,.
e, the invention generally pertains to eight-membered non-aromatic cyclic alkenylene
maoieties, preferably a cyclooctene moiety, and maore preferably a trans-cyclooctene moiety,
comprising & conjugated drug.

Qther than is the case with e.g. medicinally active substances, where the in
vive action is often changed with minor structural changes, the present invention first and
foremost requires the right chemical reactivity combined with an appropriate design of the
drug-conjugate. Thus, the possible structures extend to those of which the skilled person is
familiar with that these are reactive as dienophiles.

It should be noted that, depending on the choice of nomenclature, the TCO
dienophile may also be denoted E-cyclooctane. With reference to the conventional
nomenclature, it will be understood that, as a resuit of substitution on the cyclooctene ring,
depending on the location and melecular weight of the substituent, the same cyelooctens
isomer may formally become denoted as g Z-isomer. In the present invention, any substituted
variants of the invention, whether or not formally “E™ or ®7.7 or “¢is™ or “trans”™ isomers, will
be considered dernvatives of unsubstituted trams-cyclooctene, or unsubstituted E-cyclooctene.
The terms "frans-cyclooetene” (TCO) as well as E-cyclooctene are used interchangeably and
are maintained for all disnophiles according to the present invention, also in the event that
substituents would formally require the opposite nomenclature. Le., the invention relates to
cyelooctene in which carbon atoms 1 and 6 as numbered below are in the E (enigegen) or

trans position.
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Formula (1)

The present invention will further be described with respect to particalar
embodiments and with reference to certain drawings but the mvention is not limited thereto
but only by the claims. Any reference signs in the claims shall not be construed as limiting
the scope. The drawings described are only schematic and are non-limiting. In the drawings,
the size of some of the clements may be exaggerated and not drawn on scale for illustrative
purposes. Where an indefinite or definite article is used when refering to a singular noun e.g.

L

a" oran"

, "the", this includes a plaral of that noun unless something else is specifically
stated.

It is furthermore to be noticed that the term "comprising”, used in the
description and in the claims, should not be interpreted as being restricted to the means listed
therealter; it does not exclude other elements or steps. Thus, the scope of the expression "a
device comprising means A and B" should not be limited to devices consisting only of
compenents A and B. It means that with respect to the present invention, the only relevant
components of the device are A and B.

1

In several chemical formulae below reference is made to “atkyl” and “aryl.” In
this respect “alkyl”, cach independently, indicates an aliphatic, straight, branched, saturated,
unsaturated and/or or cyclic hydrocarbyl group of up to ten carbon atoms, possibly including
1-10 heteroatoms such as O, N, or §, and “aryl”, each independently, indicates an aromatic or
heteroaromatic group of up to twenty carbon atoms, that possibly is substituted, and that
possibly includes 1-10 heteroatoms such as O, N, P or S. "Asyl" groups also include
"alkylaryl" or "arylalkyl” groups (simple example: benzyl groups). The number of carhon
atoms that an “alky!"”, “ary]™, “alloylary!” and “arylalky]l” contains can be indicated by a
designation preceding such terms (i.¢. Ci.yo alkyl means that said alkyl may contain from | to
10 carbon atoms). Certain compounds of the invention possess chiral centers and/or

tautomers, and all enantiomers, diasterfomers and tautomaers, as well as mixtures thereof are
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within the scope of the invention. In several formulag, groups or sohstituents are indicated
with reference to fetters such as "A”, "B, "X, *Y7, and various (numbered) “R* groups.
The definitions of these letters are to be read with reference to each formula, 1.e. in different
formulae these letters, each independently, can have different meanings unless indicated
otherwise.

In all embodiments of the invention as described herein, alkyl is preferably
Tower alkyl {(Cq alkyl), and each aryl preferably is phenyl.

Earhier work {R. Rossin et al, Angewandte Chemie Int Ed 2010, 49, 3375-
3378} demonstrated the utility of the inverse-electron-demand Dhels Alder reaction for
pretargeted radioimmunoimaging. This patticular eyeloaddition example occurred between a
(3,6)-di-(2-pyridyl)-s-tetrazine derivative and a E-cyclooctene, followed by a retro Diels
Alder reaction in which the product and nitrogen is formed. Because the trans cyclooctene
dertvative does not contain electron withdrawing groups as in the classical Diels Alder
reaction, this type of Diels Alder reaction is distinguished from the classical one, and
frequently referred to as an “inverse electron demand Diels Alder reaction™. In the following
text the sequence of both reaction steps, i.e. the initial Diels-Alder cyclo-addition (typically
an inverse electron dentand Diels Alder cyclo-addition) and the subsequent retro Diels Alder

reaction will be referred to in shorthand as “retro Diels Alder reaction.™

Retro Diels-Alder reaction

The Retro Diels-Alder coupling chemistry genérally involves a pair of
reactants that couple to form an unstable intermediate, which intermediate eliminates a small
molecule (depending on the starting compounds this may be e.g. Na, COz , RCN), as the sole
by-product throvgh a retro Diels~-Alder reaction to form the retro Diels-Alder adduct. The
paired reactants comprise, as one reactant (1.e. one Bio-orthogonal Reactive Group), a
suitable dicne, such as a derivative of tetrazine, e.g. an electron-deficient tetrazine and, as the
cther reactant (i.e. the other Bio-orthogonal Reactive Group), a suitable dienophile, such as a
strained cyclooctens {TCO).

The exceptionally fast reaction of e.g. electron-deficient (substitutad)
tetrazines with a TCO moietly results in a Hgation intermediate that rearranges to a
dihydropyridazine retro Diels-Alder adduct by eliminating N, as the sole by-product in a
[4-+2] Retro Diels-Alder cycloaddition. In aqueous environment, the inititally formed 4,5+

dihydropyridazine product may tautomerize to a 1, 4-dihydropyridazine product.
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The two reactive species are abiotic and do not undergo fast metabolism or
side reactions in vivo, They are bio-orthogonal, ¢.g. they selectively react with each other in
physiologic media. Thus, the compounds and the methed of the invention can be used in a
living organism. Moreover, the reactive groups are relatively small and can be introduced in
hiological samples or living erganisms without signilicantly altering the size of blomolecules
therein. References on the Inverse electron demand Diels Alder reaction, and the behavior of
the pair of reactive species include: Thalhammer, F; Wallfahrer, U; Sauer, J, Tewahedron
Letters, 1990, 31 (47), 6851-6854; Wijnen, IW; Zavarise, S; Engberts, IBFN, Journal Of
Organic Chemistry, 1996, 61, 2001-2005; Blackman, ML: Rovzen, M: Fox, JM, Journal Of
The American Chemical Society, 2008, 130 (41}, 13518-19), R, Rossin, P. Renart Verkerk,
Sandra M. van den Bosch, R. C. M, Vulders, 1. Verel, J. Tub, M. S. Robillard, Angew Chem
Int B4 2010, 49, 3375, N. K. Devaraj, R. Upadhyay, 1. B. Haun, S. A, Hilderbrand, R.
Weissleder, Angew Chem It Ed 2009, 48, 7013, and Devaraj et al,, Angew.Chem.Int Ed,,
2009, 48, 1-5,

Irwill be understood that, in a broad sense, aceording to the invention the
aforementioned retro Dicls-Alder coupling and subsequent drug activation chemistry can be
applied to basically any pair of molecules, groups, or moieties that are capable of being used
in Prodrug therapy. Le. onte of such a pair will comprise a drug linked to a dienophile (the
Trigger). The other one will be a complementary diene for use 111 réaction with said

dienophile.

Trigger

The Prodrag comprises a Diug denoted as D linked, directly or indireetly, to
a Trigeer moiety denoted as T%, wherein the Trigger moiety is a disnophile. The dienophile,
i a broad sense, is an cight-membered non-aromatis cyclic alkenylene moiety (preferably a
cyclooctene moiety, and more preferably a frans-cyclooctene moiety). Optionally, the trans-
cyclooctene {TCO) moiety comprises at least two exocyclic bonds fixed in substantially the
same plane, and/or it optionally comprises at least one substituent in the axial position, and
not the equatorial position. The person skilled in organic chemistry will understand that the
termt *fixed in substantially the same plane” refers to bonding theory according to which
bonds are normally considered to be fixed in the same plane, Typical examples of such
fixations m the same plane include double bonds and strained fused rings, E.g., the at least
two exocyelic bonds can be the two bonds of a double bond to an oxygen (i.e. C=(0}. The at

{east two exocyclic bonds can also be single bonds on two adjacent carbon atoms, provided
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that these bonds fogether are part of a fused ring (e, fused to the TCQ ring) that assumes a
siubstantially flat stvucture, therewith fixing said two single bonds in substantially one and the
same plane. Examples of the latter inchude strained rings such as cyclopropyl and cyclobutyl.
‘Without wishing to be bound by theory, the inventors believe that the presence of at least two
exocyclic bonds in the same plane will result in an at least partial flattening of the TCO ring,

which can lead to higher reactivity in the retro-Diels-Alder reaction.

Preferably, the TCO satisfies the following formula (1a):
T

PN
Y

% F 7 Y

Koz

(1a)

|
Q

For triggers T that function via a cascade elimination mechanism, A and P
each independently are CR?; or CR*X” provided that at feast one is CR¥X”. XP s ( O-C(O))
E0e{(D7), S-COML (D), OGS 0(D), S-CISHL)-(D), O-S(OI-L7)e (D7,
wherein p = 0 or 1, (L7}, is an optional linker, withn=0  or 1, preferably linked to T% via
$, N, NH, or O, wherein these atoms are part of the linker, which may consist of multiple
units arranged linearly and/or branched. T is oné or more therapeutic moieties or drugs,
preferably linked via 5, N, NH, or O, wherein these atoms are part of the therapeutic moiety,
Preferably, X is ‘(O—C{O})p-(LD (D), where p =0 or 1, preferably 1, and a=0 or 1.

For triggers T™ that function via a cyclization elimination mechanism, A and P
each independently are CR% or CR'X” provided that at least one is CR*X". XY is O-C(0)-
(L2)r(D%), $-CLO)(L7)y- (DY), O-COAL)(D7), S-CSILT (D), NRECO}(LD)y-
(D7), NRECES)-(LY)0-(DP), CLOY-(L)-( D7), CEIHL(D). (LD, is an optional linker
with = 0 or §, preferably linked to T" via 8, N, NH, or O, and which may consist of multiple
units arranged linearly and/or branched. D" is one or more therapeutic moieties or drugs,
preferably linked via 8, N, NH, or O, wherein these atoms are part of the therapeutic moiety.
Proferably, XT is NRECIO)-(LP)-(DP) or CLON(1P)~(DY), wherein n =0 or 1.

It is preferred that when DU is bound to T or LY via NH, this NH is a primary
amine (-NH;) residue from DY, and when DV is bound via N, this N is a secondary anive (-
WH-) residue from D>, Similarly, it is preferred that when D is bound via O or S, said O or
S are, respectively, a hydroxyl (-OH) residue or a sulfhydryl (-SH) residue from D,

It is further preferred that said S, N, NH, or O moieties comprised in D are

bound to an aliphatic or aromatic carbon of DY,
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Tt is preferred that when L is bound to T" via NH, this NH is a primary amine
(-NH3) residue from L", and when L” is bound via N, this N is a secondary amine (-NH-}
residue from LY. Similarly, it is preferred that when L is bound via O or 8, said O or § ave,
respectively, a hydroxyl (<OH) residue or a sulfhydryl (-SH) residue from 1.7,

It is turther preferred that said 8, N, NH, or O moieties comprised in 17 are
bound to an aliphatic or aromatic carbon of L7,

Where reference is made in the invention to a linker L” this can be self-
immolative or not, or a combination thereet, and which may consist of multiple self-
immolative units.

By way of Turther clarification, if p=0 and n=0 {for the cascade elimination
mechanism), the drug species DY directly constitutes the leaving group of the elimination
reaction, and if p=0 and n=1, the self-immolative linker constitutes the leaving group of the
elimination. The position and ways of attachment of linkers I ¥ and drigs DY are known to
the skilled person (see for example Papot et al, Anti-Cancer Agents in Medicinal Chemistry,
2008, 8, 618-637). Nevertheless, typical but non-limiting examples of self-immelative linkers
L are benzyl-derivatives, such as those drawn below. On the ri ght, an example of a selt-
immolative linker with multiple units is shown; this linker will degrade not only into CQ» and

one unit of 4-aminobenzyl alcohol, but also into one 1,3-dimethylimidazolidin-2-one unit.

%“x‘<\w_;—/\‘\ /‘I

XK =0or S or NH or NR with R = alloyl or aryd

SRS
¢ oph

inan interesting embodiment, Y,Z,X,Q each independently are selected from
the group consisting of CR%, C=CR%, C=0, C=S, C=NRY, S, SO, SO,, O, NR®, and SiR%,
with at most three of Y, Z, X, and Q being selected from the group consisting of C=CR%,
C=0), C=8, and C=NR", wherein two R moieties together may formy a ring, and with the
proviso that no adjacent pairs of aloms are present selected from the group consisting of 0-Q,
O-NR”, S:NR", 0-8, O-S(0), O-S(O),, and 8-S, and such that $i is only adjacent to CRY; or
0.
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In a preferred embodiment, the TCO of formuila (1a) is an all~carbon ring. In
another preferred cubodisoent, the TCO of formula (1a) is a heterooyelic carbon ring, having
of one to three oxygen atoms in the ring, and preferably a single oxygen atom.

In another interesting embodiment, one of the bonds PO, QX, X7, 7Y, YA is
part of a fused ring or consists of CR*=CR?, such that two exocyclic bonds are fixed in the
same plane, and provided that PQ and YA are not part of an aromatic 5-or 6-menibered ring,
of a conjugated T-membered ring, or of CR*CR?, when not part of a fused ring P and A are
independently CR* or CR*X" provided that at least one is CR*X ; when part of a fused ring
P and A are independently CR® or CX° provided that at least one is CX°; the remaiing
groups (Y,Z,X,Q) being independently from each other CRY;, C=CR%, C=0, C=8§, C:TNRb, S,
SO, §0,, O, NR?, $iR%, such that at most 1 group is C=CRY, C=0, C=8, C=NR®, and no
adjacent pairs of atoms are present selected from the group consisting of 0-0, O-NR, S-
NRP, 0-8, 0-$(0), 0-S(0), and S-S, and such that 8, if present, is adjacent to CRY or O,
and the CR%=CR"; bond, il present, is adjacent to CR?; or C=CR? groups;

T, ¥ cach independently denotes H, or & substituent selected from the group
consisting of alkyl, F, CI, Br, or L

In some embodiments fused rings are present that result in two exocyclic
bonds being fixed in substantially the same plane. These are selected from fused 3-membered
rings, fused 4-membered rings, fused bicyclic 7-membered rings, fused aromatic 5-
membered rings, fused aromatic 6-membered rings, and fused planar conjugated 7-membered

rings as defined below:

Fused 3-membered rings are:
%"E
"D

JJ.G"

Therein E, G are part of the above mentioned &-membered ring and can be
fused to PQ, QP, QX, XQ, XZ, ZX, ZY, YZ, YA, AY, such that P, A are CR” or CX”, and
such that OXY can only be present in A and P.

H-G is CR*-CR" or CR-CXP, and D is CR%,C=0, (=8, C=NR", NR?, 0, S, or
E-GGis CRN or CXP-N, and D is CR", =0, C=8, C=NR", NR"0, or S.
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Fused 4-membered rings are:

b,
E—D
4

G

E-(G ig part of the above mentioned 8-membered ring and can be fused to PO,
QP, OX, XQ, XZ, ZX, ZY, YZ, YA, AY, such that P, A are C, CR" or CX7, and such that
CX"® can only be present in A and P.

E and G are CR?, CX” or N, and DM independently from each other are CR%,
C=0, C=8, C= NR®, C=CR%,, S, §0, SO», O, NR” but no adjacent 0-0 or S-S groups; or E-D
is C=CR"and G is N, CRY, CX" and M is CR%, 8, 50, $O», O, NR”; or E-D {s C=N and G is
N, CRY, X" and M is CR%, 8, SO, 803, O; or D-M is CR*=CR” and E and G cach
independently are CR®, CXP or N; or D-M is CR*=Nand £ is CR®, CX”, N, and G is CR" or
CX" or Bis €, G is CRY, CXP or N, and D and M ate CRY, S, SO, SOy, 0, NR®, or at most 1
of C=0, C=8, C=NR", C=CR?, but no adjacent 0-0O or 8-S wroups; ot B and G are Cand D
and M independently from each other are CR™, S, 8O, SO, O, NR® but no adjacent 0-0, or

S-3 grouaps.

Fused bicyclic 7-membered rings are:
E L
g

E-G is part of the above mentioned 8-membered ring and can be fused to PQ,
QP QX, XQ, XZ, ZX, 2Y, YZ, YA, AY, such that P, A are C,CR" or CXP, and such that
X can only be present in A and P;

E,Gare C, CR®, €X or N; K, L are CR*, DM form a CR*=CR" or CR*=N, or
D.M independently from each other are CR?, C=0, (=8, C= NR", C=CR%, S, 80, §0,, O,
NR" but no adjacent 0-0, S-S, N-S groups; ] is CR%, C=0, C=§, C=NR", C=CR%, 8, SO,
SOy, Q, NR? ; at most 2 N groups; or

E,Gare C, CRY, CX”; K is N and L is CR"; DM form a CR*=CR® bond or
D,M independently from each other are CR%, C=0, C=S, C= NR", C=CR", NR® but no
adjacent 0-0, S-S, N-S groups; J is CRY, C=0, C=§, C= NR, C=CR%, S, SO, SO, O, NR";
at most 2 N groups; or

E.G are C, CRY, CXY: K and L are N: DM, J independently from each other
are CRY, C=0), C=8 (= NR.b, C=CR" groups;
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Pused aromatic S-membered rings are
exhs
O
E, G are part of the above mentioned 8-membered ring and can he fused to
QX XQ, XZ, ZX, ZY, YZ.
E.Gis C. One of the groups L, K, or M are O, NR”, § and the remaning two
groups are independently from each other CR" or N; o,

Eis Cand GisN. L, K, M are independently from each other CR" or N.
Fused aromatic 6~-membered rings are:

E, G are part of the above mentioned 8-membered ring and can be fused to
QX, XQ, X%, ZX, ZY,YZ.

F,Gis C L K, D, M are independently from each other CR® or N,

Fused planar conjugated 7-membered rings are

Lo L. L.
E»" E,.f . E/v-\-( L/'N\
7 Y M

J
E, G are part of the above mentioned §-membered ring and can be fused to
QX, XQ, X7, ZX, Y, Y7
E,Gis C; L, K, D, Mare CR 115 S, O, CR¥, NR".

Each R" as above-indicated can independently be H, alkyl, aryl, OR", SR,
SEOR™, S(=00R"", S{=0)NR"R™, Si-R™, Si-0-R™™, OC(=MR, SCEORT,
OC{E=SIR, SCESR™F, ClL Br, I N5, 80O.H, SOH, SOH, PO;H, PO,H, NO, NO», ON,
QCN, SCN, NCO, NCS, CFy, CF3-R*, NR'R”, C=OR", C=S)R’, C(=0)0-R’, C(=HO-R",
CE=O)S-R, C=8)S-RY, C=OINRIR™, CE=SINRRY, NR*C(=0)-R, NRC(=8)-R"",
NR’C{=0)0-R™, NR* C{=S)0-R™, NR'CE=OYS-R, NR'CES)S-R, OC{=0)INR R,
SCEOINR™ R, OC(=S$INR™-R™, SCESINR R, NR'C=0INR ™R, NR'C(=S)NR -
R™, CR'NR™, with each R” and each R" independently being H, arvi or alkyl and R™

independently being aryl or aliyl;



CA 02836338 2013-11-15

WO 2012/156918 PCT/IB2012/052445
19

Each R® as above indicated is independently selected from the group
consisting of H, alkyl, aryl, O-aryl, O-alkyl, OH, C(-ONR’R” with R’ and R” cach
independently being H, aryl or alkyl, R"CO-alkyl with R being H, alkyl, and aryl;

Each R* as above indicated is independently selected from the group

S consisting of H, alkyl, aryl, O-alkyl, O-arvi, OH;

Each R® as above indicated is H, Cysalkyl and Cygaryd;

wherein two or more R™™ moieties together may form a ring;

in all of the above embodiments, optionally one of A, P, Q, Y, X, and 7, or the
substituents or fused rings of which they are part, or the self-immolative linker LY, or the

10 drug D, is bound, optionally via a spacer or spacets S¥, to one or more targeting agents T' or
masking moijeties M™.

The synthesis of TCO's as described above is well available to the skilled
person. This expressly also holds for TCO s having one or meore heteroatoms in the strained

cycloalkene tings. References in this regard include Cere e al. Jownal of Organic

FS  Chemistry 1980, 45, 261 and Prevost et al. Jowmal of the American Chemical Soeiery 2009,
131, 14182
In a preferred embodiment, the frans-eyclooctene moiety satisfies formula
{1b):
R,
C “"“"CRaz
g 933 ] &
CRY, E TR 3
RS
CR%,—C o
N / X0
I
20 T
(1b)
wherein, in addition to the optional presence of at most two exocyelic bonds
fixed in the samie plane, each R" independently denotes H, or, in at most four instances, a
spbstituent selected from the group consisting of alkyl, aryl, OR”, SR’, S(=0/R""”",
25 S(=0RR"7, S(=0RNR'R™, Si-R™", Si-0-R™, OCE=O)R™, SC(=0)R"", OCE=HR ",

SCEESIR™LF, C, Bry LNy, SOzH, 8O:H, SO4H, PO;H, POH, NG, NO,, CN, OCN, SCN,
NCG, NUS, CFs, CE-R*, NRR”, CEOR, CEOHR’, CEOYO-R’, C=SY0-R’, C(=0)S-R",
CES)S-R, CEOINRIR”, C=8SINR'R™, NR'C=0)-R™, NR'C{=8)-R”"", NR*C(=0)0-

R™ NRICES)O-R™,NR'C=O)S-R” NR'CE=S8)5-R™, OCEOINR R, SC{(=0ONR -
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RO OCESINR™-RY, SCESINRT-R™, NRYC(=0)NR™-R ™, NR'CE=SINR-R”, CRPNR ™,
with each R” and each R independently being H, aryl oratkyl and R>* independently being
ary} or alkyl;

Each R® as above indicated is independently selected from the group
consisting of H, alkyl, aryl, OR, SR, SR, S(=01LR°7, SR, $1-0-R
OCEQR, SCEMR™, OCEHR, SCESR™,F, CL Br, 1, N3, SO.H, SO:H, PO,H,
NO, NOp, CN, CF3, CFp-R”, C=OR’, C(=$)R*, C{=0)0-R>, C(=$)O-R’, C(=O)S-R’,
CESIS-RYL, CEOINRIRY, C(=5)NRR, NR'C(=0)-R"*, NR'C(=S)}-R**’, NR'C(=0)0-
R NRCESO-R™ NRC=OS-R, NR'CES)S-RT, NR'CEOINR-R®,
NRICE=SINR™-RY, CRINRY, with each R” and each R*” independently being H, aryl or
atkyl and R™"" independently being aryl or alkyl; wherein two R™ moieties together may
form a ring;

with optionally one R*® comptised in a linker moiety, optionally via a spacer
Sf wa targeting agent T ora masking moiety M, and wherein T and F each independently
denote H, or a substituent selected from the group consisting of alkyl, F, Cl, Br, and I, and X"
is.as defined above for formmta (1a).

Preferably, each R™ is selected independently from the group consisting of H,
alkyl, O-alkyl, O-aryl, OH, C(=O)NR'R”, NR’C(=0)-R"", with R* and R" each
independently being H, aryl or alkyl, and with R*> independently being alkyl or aryl.

In the foregoing dienophiles, it is preferred that the at least two exocyelic
bonds fixed in the same plane are selected from the group consisting of (a) the single bonds
of a fused cyclobutyl ring, (b} the hybridized bonds of & fused aromatic ring, (¢) an exoeyclic
double bond to an oxygen, and (d) an exocyelic double bond to a carbon.

In a further preferred embodiment, the dienophile is & compound selected from

the following structures:
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For activation via the cascade elimination mechanism as discussed below,

preferred dienophiles are a subset of the above, viz.:
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Use of TCO as a carrier

The mvention also pertains to the use of a rans-cyclooctene satistying
formula (la), in all its embodiments, as a carrier for & therapeutic compound. The trans-

eyclooetene is to be read as a TCO in a broad sense, as discussed above, preferably an all-



.
()

20

23

CA 02836338 2013-11-15

WO 2012/156918 PCT/IB2012/052445
28

carbon ring or including one or two hetero-atoms. A therapeutic compound is a drug or other
compound or moiety intended to have therapeutic application. The use of TCO as a carrior
according to this aspect of the invention does not relate to the therapeutic activity of the
therapeutic compound. In fact, also if the therapeutic compound is a drug substance intended
to be developed as a drug, many of which will fail i practice, the application of TCO as a
carrier still 1s useful in testing the drug. In this sense, the TCO in its capacity of a carrier is to
be regarded in the same manner as a pharmaceutical excipient, serving as a carrier when
introducing-a drug into a subject.

The use of a TCO as a carrier has the benefit that it enables the administration,
1o a subject, of a drug carried by a moiety that is open to a bioorthogonal reaction, with a
diene, particulatly a tetrazine. This provides a powertul tool not only to affect the fate of the
drug carried into the body, but alse to follow its fate (e.g. by allowing a labeled diene to react
with it), or to change its fate {e.g. by allowing pK modifying agents to bind with it). This is
alf based on the possibility to let a diene react with the TCO in the above-discussed rDA
reaction. The carrier is preferably reacted with an Activator as discussed below, so asto

provoke the release of the therapeutic compound from the TCO, as amply discussed herein,

The Activator comprises a Bio-orthogonal Reactive Group, wherein this Bio-
orthogonal Reactive Group of the Activator is a diene, This diene reacts witly the other Bio-
orthogonal Reactive Group, the Trigger, and that is a dienophile {vide supru). The diene of
the Activator is selected so as to be capable of reacting with the dienophile of the Trigger by
undergoing a Diels-Alder cycloaddition followed by a retro Diels-Alder reaction, giving the
Retro Diels-Alder adduct. This intermediate adduct then releases the drug or drugs, where
this drug release can bo caused by various circutnstances or conditions that relate to the
specific molecular structure of the retro Diels- Alder adduct.

In alternative, preferred embodiments, the Activator is selected such as 1o
provoke either of two drug release mechanisms, one being via intramoleeular cyclization, the

other via an elimination or 2 cascade elimination.

Drvugrelense vig intramolecuior cyelization
In one preferred embodiment of this invention, the release of the drug or drugs
is caused by an intramolecular cychization reaction within the Retro Diels-Alder adduct: a

nucleophilic site that originates from the Activator (ie. from the diene) reacts with an
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electrophilic site that onginatcs from the Prodrug (i.e. from the dicnophile trigger,
particulasly from the X m oup in this trigger, vide supra) thereby forming a cycle and
thereby releasing the drug as a leaving group. The intramolecular reaction takes place
effectively and efficiently, as the nucleophilic site and the electrophilic site have been
brought together in close proximity within the Retro Diels-Alder adduct. Additionally, the
formation of the cyclic structure may also be a driving force for the intramolecular reaction
taking place, and thus may also contribute to an effective release of the leaving group, i.e,
release of the drug. Reaction between the nucleophilic site and the electrophilic site is not
efficient prior to the Retro Diels-Alder reaction, as the reaction then is an intermolecular

reaction that furthermore does not involve the formation of a cyelic stracture,

drug
drug ‘
I 05 N
Ry RS
s
N
+  drug-OH
J N /,N
HaN7
HEN
Praodrug Activator retro Disls-Alder adduct

The above example itlustrates how a cyclization reaction within the retro
Dicls-Alder adduct can result in release of a drug species. The driving force for the release of
the drug is the close proximity of the nucieophilic site (here the amine groups in the 3- and 6-
positions of the tetrazine Activator) and the electrophilic site (here an ester carbonyl moicty)
within the retro Diels-Alder adduct, so that these reactive species have a high local
concentration. Additionaily, the formation of a stable 6-ring species may drive the
cyclization, where this ring formation may further be augmented by the conformation of the
fused cyclo-octane and dihydro pyridazine rings that pre-organizes 35 of the 6 atoms in the 6-
ring that needs to be formed. In any case, and in whatever way the process is viewed, the
drug species (here the aleohol 'drug-OH") is effectively expetled from the retro Diels-Alder
adduct, while it does vot get expelled from the Prodrug alone,

It may also be possible that the nucleophilic site assists in expelling the diug
species by a nucieophilic attack on the electrophilic site with subsequent drug release, but
without actually forming a (stable) cyclic structure. In this case, no ring strecture is formed
and the nucleophilic site remains intact, for example because the ring structure is shortlived

and unstable and breaks down with reformation of the nucleophilic site.
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in this first preferred embodiment of the invention, the Activator is a diene
bearing one or more nucleophilic sites, where this nucleophilic site can be any nucleophilic
motely known in the art. One has to consider that the nucleophilic site must be able to act as a
nucleophile under conditions that may exist inside the (luman) body, se for example at
physiological conditions where the pH = ca. 7.4, or for example at conditions that prevail in
malignant tissuc where pH-values may be lower than 7.4. Nonlimiting examples of
nucleophilic sites are amine, alcohol {or hydroxy), thiol, carboxylate, amide, urea, thiourea,
phosphine or N-oxide groups. From these, most preferred are amine, thiol or alcobol groups,
as these are generally most nucleophilic in nature and therefore most effective.

Amine groups can be primary (R'-NH,), secondary (R'R*NH) or tertiary
(R'R*R*N) amine groups, preferably primary or secondary amine groups; more generally, the
nitrogen atom preferably bears one or two hydiogen atoms. The amines can be aliphatic,
benzylie, allylic or aromatic in nature. The amine nucleophilic site may be placed in a
heterocycle or a heteroaromatic cycle, such as particularly in 5+, 6- or 7-membered ring
structures. Examples are imidazole, triazole, pyrrole or pyridine heteroaromatic eycles.
Furthermore, the nucleophilic nitrogen atom may be placed adjacent to another heteroatom
such as an N, O, S or P atom, so that the amine group may be part of e.g. a hydroxyl-amine, a
hydrazine or a phosphazene group.

Alcohol or hydroxy groups (R'-OH) can be aliphatie, benzylic or allylic
alcohols, and can then be primary, secondary or tertiary, preferably primary alcohols. The
akeohol may also be aromatic in nature, so that the R moiety may represent any
{(heterojaromatic group; the alcohol is then a phenol group. The hydroxyl group may also be
part of a hydroxyl-amine group, so that the nucleophilic oxygen atom is placed adjacent an
N-atom.

Thiol or mereaptan groups (R'-SH) can be aliphatic. benzylic or allylic thiols,
and can then be primary, secondary or tertiary, preferably primary thiols. The thiols may also
be aromatic in nature, so that the R moiety may represent any (hetero)aromatic group. Thiols
are attractive nucleophiles as under physinlogical conditions these groups are prone to be
deprotonated making them more nucleophilic.

Carboxylate groups are deprotonated carboxylic acid groups (R'-COOH), and
indeed, under physiological conditions these groups exist as carboxylates, making these
moieties somewhat nucleophilic. The R’ groups may be aliphatic or aromatic in nature.

Amide groups can be regular amide groups (R'-CO-NH-R*} or sulfonamide

a3 . .
groups (R'-S 0,-NH-R7) where the nitrogen ator bears a hydrogen atom and where i
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functions as the nucleophilic atom. Interesting antide groups are those where the R*-group is
aromatic; these groups may mere easily be deprolonated, making the amide more
nucleophilic. In a similar fashion, particularly interesting urea groups (R'-NR-CX-NH-R%)
are those where the R%-group is aromatic, as these groups may more easily deprotonate the
proton on the adjacent nitrogen atom, making this site more nucleophilic. The R* group may
be H, aliphatic or aromatic. X may be oxygen (regular ureas) or sulfur (thio-ureas). Thio-
wreas are also particularly interesting ureas as the sulfur atom may serve as the nucleophilic
site in these groups.

Phosphine groups (PR'R’R’} are nucleophilic groups also. Preferred
phosphines are those where at least 2, preferably all 3 of the R', R* and R* groups are
aromatic in nature, as these phosphines are more stable and are least likely to oxidize.

N-oxides are also known as nucleophiles, where the oxygen atom is the
nucleophilic atony. Particular examples are those where the nitrogen atom is part of an

aromatic moiety, such as pyridine-oxides.

Dienes

The Activator is a diene. The person skilled in the art 1s aware of the wealth of
dienes that are reactive in the Retro Diels-Alder reaction. The diene comprised in the
Activator can be part of a ring structure that comprises a third double bond, such as a
tetrazine (which is a preferred Activator according to the nvention),

Generally, the Activator is a molecule comprising a heterocyclic ring
structure, said ring structure comprising a diene moiety. A dienc moiety is conceptually
familiar to the skilled person, and consists of an array of four atoms {say PQRS), which are
bonded such as to have two double bonds divided by a single bond (.. P=(Q3-R=8).

Preferred dienes are given bolow, with reference 1o formulae (2)-(4). The
nucleophilic site or sites are present in these diencs, and they can be present in the given R'
and/or R? and/or A and/or B andfor X and/or Y groups. The nucleophilic site(s) are

preferably present in the R and/or the R? groups.
R1
<
X\’ |
)
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In formula (2} R’ is selected from the group consisting of H, alkyl, aryl, CFs,
CF,-R’, OR’, SR’, C(=OIR", C(=$IR’, C(=OYO-R’, C(=O)S-R, C(=S)O-R’, C(=$)S-R”,
CHEONRR”, CESINRRTNR'R”, NR'CEOIR™, NRCESR”, NRIC(FDOR™,
NR'C=8)OR™, NR’C(=0)SR7, NR'C(=S)}SR"", NR'C(=O)NRR*", NR'C(=S)NRR"’
with each R" and each R™ independently being H, aryl or alkyl; A and B each independently
are selected from the group consisting of alkyl-substituted carbon, aryl substituted carbon,
nitrogen, N'CF, N'R with R being alkyl, with the proviso that A and B are not both carbon; X
15 selected from the group consisting of O, N-alkyl, and C=0, and Y is CR with R being
selected from the group consisting of H, alkyl, aryl, CE=OI0R’, C{=038R’, C=S10R°,
CER)SRY, CE=OINRRY with R and R™ each independently being H, aryl oralkyi.

R1

A%
B
S
(3)

A diene particularly suitable as a reaction partner for cyclooctene is given in

!
X

formula (3), wherein R and R? each independently wre setected from the group consisting of
H, alkyl, aryl, CF;, CF2-R7, NOo, OR’, SR, C(=0)R’, C(=8)R?, OCEOR, SCE=EMHR'™,
OCESR™, SCESIR, SEOIR’, S(=0RR7, SEORNRRY, C=0)0-R’, C=MS8-R,
CESHO-R, CES)S-R7, CEOINRRY, CESINRTR7,NR R, NRTCEMRY, NRICESRT,
NRCEOIOR™, NRICESIORT”, NRCHEOISRY, NRCGESISRY, QCEOINRR™,
SCEOMNRR, OCE=SINRTR™Y, SCESINRR, NR'C{=OINR7R”, NR'C(=S$)NR "R
with each R* and each R*” independently being H, arvl or alkyl, and R*** independently being
arylor alkyl; A s selected from the group consisting of N-alkeyl, Nearyl, C=0, and CN-allkyl;
Bis O or S; X is selected from the group consisting of N, CH, C-alkyl, C-aryl, CC(=O)R’,
CCESHRY, CS(=0OMR’, CS(=0)R", CC=OYO-R’, CC(=0)S-R*, CC=8)0-R’, CC(=8)S-R’,
CCEMNRR™, CCESINRRY, R and R each independently being H, aryl or alkyl and
R mdependently being aryl or alkyll Y is selected from the group consisting of CH, C-

alleyl, C-aryl, N, and N0
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A
i
B

!
X
k
4)
Another diene particularly suitable as a reaction partner for cyclooetene is
diene (4), wherein R! and R? each independently are selected from the group consisting of H,
alkyl, aryl, CF;, CFp-R°, NO, NO», OR?, SR’ ON, C{=0WR’, C(=S)R’, OC(=OR*",
SCE=QR™, OCES)R™, SCES)R™, S(=0IR, S(=01RR, §(=010R’, PO;R'RY,
SEORNR'RY, CHE=O0-R’, C(=0)S-R°, CE=SH0-RY, C=SS-RY, CEONR'R™,
CESNRRYT, NRTRY,NRCEOR, NR'CESRY, NR'C{(=0)0R™, NR*C(=SJOR ",
NR'CE=OSRY, NR'CESISRY, OC=0INR'R”, SCEONR'R™, OC(=SINR'R”’,
SCESINRR”, NR'CEOMNR TR, NR'C=5)NR VR with each R and cach R
independently being H, aryl or alkyl, and R**" independently being arvl or alkyl: A is sclected
from the group consisting of N, C-alkyl, C-aryl, and N'O7; B is N; X is selected from the
group consisting of N, CH, C-alkyl, C-aryl, CC(=0)R", CC(=8)R’, CS(=O)R’, CS{(=01LR"*",
CCE=O)OR?, CC=0)S-R, COES)O-R, CCE=S)S-R, COEOINR'R™, CCESINR'R™, R
and R each independently being H, aryl or alkyl and R** independently being aryl or alkyl;

Y is selected from the group consisting of CH, C-alkyl, C-aryl, N, and N'O".

Ry Ry R,

/L\X //{’i\\x x’f;’L\

| N R
| | ! |
N

e Z.
Z—Z
priposses, )

Y Y Y
2y Ra Rs
3 (6} {7

According to the invention, particularly useful dienes are 1,2-diazine, 1,24~
triazine and 1,2.4,5-tetvazine derivatives, as given in formutas (5), (6) and (7), respectively.
The nucleophilic site or sites are present in these di-, tri- or tetra- azines, and they can be
present in the given R' and/or R? and/or X and/or Y groups. The nucleophilic site(s) are
preferably present in the R' and/or the R Sroups.

The 1,2-diazine is given in {5), wherein R' and R* each independently are
selected from the group consisting of H, alkyl, aryl, CFy, CF-R7, NO3, OR’, SR, C(=0R’,
CESR?, OCEOIR™, SCEOR™, QCESIRY, SCESR™, S(=0R, S(=01R,
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S(EORNR'RY, C(=030-R”, C(=0)S-R°, C(=8)0-R’, C(=8)S-R’, C=OINR'R™,
CESINRRY, NRORT, NRTCEOIRY, NRICESIRY, NRICHEOWR™, NRPCESORY,
NR'CEOSRY, NRICESISR™, OCEMNR'RY, SCEOINR'RY, OCESINRR,
SCESINRTRY, NR'CEOINRVRY, NRCESINR R with each R and each R™
independently being H, aryt or alkyl, and R*" independently being aryl or atkyl; Xand Y
each independently are sclected from the group consisting of O, N-alkyl, N-aryl, C=0, CN-
alkyl, CH, C-alkyl, C-aryl, CC(=O0)R’, CC=SR, CSEOR’, CS(=0RR7, CCEOYO-R?,
COEOS-R2, CO{=SY0-R?, CO{=8)5-R*, CO=MNRR™, COESINRR™, with R and R
each independently being H, aryl or alkyl and R™" independently being aryl or alkyl, where
X-Y miay be a single or a double hond, and where X and Y may be connected in a second
ring strueture apart from the 6-membered diazine. Preferably, X-Y represents an ester group
(X =0 and Y = C=0; X-Y is a single bond} or X-Y represents a cycloalkane group (X = CR’
and Y = CR"; X-Y is a single bond; R and R" are connected), preferably a cyclopropane
ring, 50 that R” and R are connected to cach other at the first carbon atom outside the 1,2-
diavine ring.

The 1,2,4-triazine is given in (6), wherein R and R* each independently are
selected from the group consisting of H, alkyl, aryl, CFs, CF2-R°, NO,, OR”, SR, C(=0)R”,
C=S)R, OCEOR™, SCEOR™, OCESIR™, SCESHR™, SEOR’, S(=0)1R,
S(=ORMNRR™”, C=00-R’*, C=0)8-R*, C=S)O-R°, C=8)8-R’, C(=OINR'R™,
CESNRRY, NR'RY, NRCEOIRY, NR'C=8)RY, NRTCEEOYORY, NR'C(=5)0R ",
NR'C(=OQ)SR™, NR'CE=S)SRY, OCEOINRRY, SC=ONR'R™, OC(=S)NR'R™,
SCESINRRY,NR'CEOINRTRY, NRPCESHNRVRY with each R and each R*°
independently being H, aryl or alkyl, and R™* independently being aryl or alkyt; X is selected
from the group consisting of CH, C-alkyl, C-aryl, CC(=O0YR’, CC(=5R", CS(=OR",
CS=0RR", COEO)0-RY, COEOS-R?, COESIO-R, CCESYS-R, CCEOINRIR™Y,
CC(=SINR'R™, R and R™ each independently being H, aryl or alkyl and R independently
being arylor alkyl

The 1,2,4,5-tetrazine is given in (7)), wherein R' and R? cach independently are
selected from the group consisting of H, alkyl, arvl, CF;, CF,-R7, NO, NO,, OR”, SR*, CN,
C=OR, CESHIR, QCEOR™, SCEOR™, OC(=S)R, SCEHR™, S(=O)R’,
S{=0pRR™, S=0R0R", PO;RRY, SEORNR'RY, C=0Y0-R, CE=EOS-R®, C=S)Y0-R",
C=8)5-R7, C=OINRR™Y, C=5INR'R”, NR'RV7, NR'C=0)R™, NR'C(=8IR ™,
NR'CEOIOR, NRTCESORY, NR'C(=0)SRY, NRICES)SRY, OC(=0INR'R™,
SCEOINR'R, OCESNR'RY, SCESINR'RY, NRTCEOINRTR, NR'CESINRTRY
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with each R" and each R independently being H, aryl or alkyl, and R™" independently being
aryl or alkyl

Electron-deficient 1,2-diazines (§), 1,2, 4-triazines (6) or 1,2,4,5-tetrazines (7)
are especially interesting as such dienes are generally more reactive towards dienophiles. Di-
tri- or tetra-azines are electron deficient when they ave substituted with groups or moieties
that do not generally hold as electron-donating, or with groups that are electron-withdrawing,
For example, R’ and/or R? may denote a substituent selected from the group consisting of H,
alkyl, NO;, F, Cl, CF3, CN, COOR, CONHR, CONR,, COR, SO;R, SO,0R, SO;NR;,
PO3R;, NO, 2-pynidyl, 3-pyridyl, 4-pyridyl, 2,6-pyriroidyl, 3,5-pyrimidyl, 2,4-pyrimidyl, 2,4
tmidazyl, 2,5 imidazy! or phenyl, optionally substituted with one or more electyon-
withdrawing groups such as NOy, F, Cl, CF;, CN, COOH, COOR, CONH,, CONHR,
CONR;, COR, SO2R, 8O:0R, , SO:NRz PO3Ry, NOQ, Ar, wherein R is H or alkyl, and Ar
stands for an aromatic group, particularly phenyl, pyridyl, or naphthyl.

The 1,2,4,5-tetrazines of formula (7) are most preferred as Activator dienes, as
these molecules are most reactive in retro Diels-Alder reactions with dicnophiles, such as the
preferred TCO dienophiles, even when the R' and/or R? groups are not necessarily electron
withdrawing, and even when R' and/or R? are in fact electron-donating. Electron donating
groups are for example OH, OR’, SH, SR’ NH,, NHR*, NR'R", NHCE=OR”,
NR'C{=0)R, NHC(=SRY, NR'C(=S)R", NHSO,R, NR*SO,R* with R* and R™ each
independently being alkyl or aryl groups. Examples of other electron donating groups are
phenyl groups with attached to them one or more of the electron donating groups as
mentioned m the fist above, especially when substituted in the 2-, 4~ and/or 6-position(s) of
the phenyl group.

The 1,2.4,5-tetrazines can be asymmetric or symmetric in natuge, i.e. the R
and R? groups in formula (7) may be different groups or may be identical groups,
respectively. Symmetric 1,2.4,5-tetrazines are most preferred as then the Rewo Diels-Alder
reaction will lead to a Retro Diels-Alder dihydro-pyridazine adduct with both sides of the
dihydro-pyridazine ring bearing nucleophilic sites that can be active in the ¢yclization
reaction,

1,2,4,5-Tetrazines with one nucleophilic site per R and R group are
preferred,

1,2,4,5-Tetrazines are preferred with the nucleophilic sites positioned such that
the intramalecular cyclization reaction within the Retro Diels-Alder adduct produces a ring

structure with a low ring strain. Ring strain is caused by high-energy bond angles that have to
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be adopted due the connectivity within a particular ring. As is known in the art, every type of
ring structure, with heteroatoms or unsaturated bonds possibly being present, will have its
own sequence of ring strains on going from smaller to farger rings. Nevertheless, as a rule of
thumb, most 3-, 6- and possibly 7- membered rings as well as larger rings such as 12- and 13-
membered rings are low in ring strain, while 3-, 4- 9- and 10-membered rings are often hich
or higher in ring strain. For example, cyclopropane, cyclobutane and cycelononane have ring
strains of 120, 110 and 50 kl/mel; respectively, while cylcopentane and cyclohexane have
ring strains of 25 and virtually Q kl/mol, respectively, with cyclododecane also being low in
nng strain. Accordingly, 1,2,4,5-tetrazines with the nucleophilic atom positioned at the first
{or alfa), second (or beta) or third (or gamma) position of the 3- and/or 6-substituents (i.¢. the
R! and/or the R residues in formula (7)) of the 1,2.4,5-tetrazine as counted from the tetrazine
ring are most preferved, as these situations enable cyclization 10 3+, 6- or 7-membered rings.
Nuclezophilic sites at the seventh, eighth, or ninth atom of the R' and/or R residues are also
preferred as these situations are suited for cyelization to 12- or [3-membered rings. By way
of clarification of this definition 3 A-diamine-1,2.4 S-tetrazine {the nitrogens are in the alfa
posttion), 3,6-di-(2,5-imidazyi}-1,2,4,5-tetrazine {the nitrogens are in the beta position), 3,6+
di-(Z-aminoethyl)-1,2,4,5-tetrazine {the nitrogens are in the gamma position) and 3,6-di-(6-
aminohexyloxy)-1,2,4,5-tetrazine {the nitrogens are in the eighth position) have been drawn

below,

H/’N\(N //\ 0*‘\1\?\1}.2
&

NH, { “HH,
i
P / o~ TN
ot : N
N Ty N \N u N ? ﬁ‘
\]l u, rl' §i~|4 ; ltL N‘\ix /"N
N \,\\\\‘/ N \l/
. : ¢l NH;
Ry N [ NH \{\/}/ G
. s M e R
"f(/ \/N ot v G
firgt ~ alfa second - heta third - gamma cighth

{n the following paragraphs specific examples of 1,2,4,5-tetrazines that bear
nucleophilic sites will be highlighted by defining the R’ and R* residues in formula (7). First,
symmetric tetrazines, L.e. R is identical to R%, will be listed. Thereafter comments will be
made on and examples will be given of asymumetric 1,2.4,5-tetrazines, 1.e. R' is then different

~ 2
from R,
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Exatnples of symmetric tetrazines are: R'=R*= OH, SH, NH;, NHR', NH-
CO-R', NH-SO-R’, NH-8O2-R, where R’ represents an alkyl or an aryl group, preferably a
methyl, ethyl, phenyt or tolyl group. Symmetric tetrazines where R' = R = OH, SH, NH, or
NHR' are preferred. Note that in these examples the nucleophilic site is positioned at the first

g N 2 . . . .
{alfa) atom of R'and R residues, as counted from the tetrazine ring.

o o o
)K \Y
OH M BH HI i [T h py
o ’ L
. A A
VT T OTYY Y Ty
f F i §
N.. N N ) ] - N N M M k) N
N S \/‘ Tf/ Nt S
[ | |
oH 4 Nity (?{!“NH N /mn \q/na
I AN
a (9] Q

Other examples of symmetric tetrazines are those with attached benzylic
alcohol, benzylic thiol or benzylic amine groups, where R' = R* = CH;OH (or CHR'OH,
CRR"OH), CH:SH (or CHR'SH, CR'R"SH), CHyNH; (or CHR'NH,, CR'R"NH;), CH,NHR™
(or CHR'NHR™, CRIR"NHR™), where R' and R" cach independently represent C-Cg alkyl
chains and where R" represents C;-Cyq alkyl chains or an aryl, preferably a pheny! group.
From these R' = R* = CH,OH, CH:SH, CHNH, and CH,NHR™ are preferred, where R™ is
then meetliyl, ethyl or phenyl. Yet other examples of symmetric tetrazines are those where R

= R% = NH-NH; (or NR-NH;, NR-NHR"™), O-NH; (or O-NHR"), NH-OH {or NR-OH, NH-

1

OR'), where R’ and R" each independently represent Cy-¢ alkyl chains or aryl groups,
preferably eacl independently a methyl, ethyl, proapyl or pheényl group. More preferred are
the simple NH-NHa, O-NH; and NH-OH groups. Note that in these examplies the
nucleophilie site is positioned at the sccond (beta) atom of R and R” residues {or at the first

alfa-atom) as counted from the tetrazine ring,

o ad Ny Y Nt NH; oH
- - & PEL E ik
/ / /[/\/ J‘/ \ R H?/ Gx " g
\ | I |
N /\\‘\\\‘ N M \\" # ) RN W \k‘. N Nﬁ/ \\ N ) . \\"‘ N N'/\\\\‘\ W
I D O S A R B
N\,\,//'N Nj{//ﬁ“ 'd\\,/“‘\ NT’“ N\\f ! ‘\\1,///’M N\\r//"“
P § ] g e N
A HS M \&s M HN war

hoth R'= inethy, or
both R ~ ethyl, ar
both R = phenyl

Further examiples of symmetric tetrazines are those with attached

hetero(aromatic) cycles that mherently bear nucleophilic sites, ¢z R'=R*= 2, 4-unudazyl,
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2,5-imidazyl. 2.3-pyrazyl, 3,4-pyrazyl, 2-pyrryl, 3-pyrryl, 2,3, 4-triazyl, 2,3,5-triazyl, 2,3.4,5-
tetrazyl. These hetero(aromatic) cycles may optionally be sabstituted with C- alkyl
moteties. Find below examples of these structures drawn; other tautomeric forms of these

molecules are also included.

\{:fN LN Py mY HN\\/y BN, Hm\f SN

r;/'J\?N N T Sy T Sy /L‘}@ WSy e Sy N )*‘\\N

DR

e N\\T/x/.w NP ~ N e N\\://,N BN
[ o o Jo o]

N S A S (/ /!\'NH A NH N”/ i //\ N r\’/’?\w
\/ \ L \_ N
T =] e N mmegy e 3 s/ == M=y

Yet other symmetric tetrazine examples are those where R' and R are aryl
groups, preferably phenyl, pynidyl or pyrimidyl groups, with attached nucleophilic sites.
These aryls may optionally be substituted with C,-¢ alkyl moicties. Nucleophilic sites can for
example be -NH;, -NHR', -OH, -8H or -CH,NH,, CH;NHR', ~CH,O0H CH,SH groups, where
R' may represent C- alkyl or phenyl. Accordingly, specific examples are R' = R* = 2-
aminophenyl, 3-aminophenyl, 4-aminophenyl, 2-amino-6-pyridyl, 3-amino-6-pyridyi, 4-
amino-0-pyridyl, or 2-hydroxyphenyl, 3-hydroxyphenyl, 4-hydroxyphenyl, 2-hydroxy-6-
pyridyl, 3-hydroxy-6-pyridyl 4-hydroxy-6-pyridyl, or 2-thioiphenyl, 3-thiolphenyi, 4-
thiolphenyl, 2-thiol-6-pyridyl, 3-thiol-6-pyridyl, 4-thiol-6~pyridyl, or 2~(aminomethylene)-
phenyl, 3-(aminomethylene)-phenyl, 4-(aminomethylene)-phenyl, 2-(aminomethylene)-6-
pyridyl, 3-(aminomethvlene)-6-pyridyl, 4-(aminomethylene)-6-pyndyl, or 2-
(hydroxymethylene}-phenyl, 3-(hydroxymethylene)-phenyl, 4-(hydroxymethylens)-phenyl,
2-(hydroxymethylene)-6-pyridyl, 3-(hydroxymethylene)-6-pyridyl, 4-(hydroxymethylene)-6-
pyridyl, or 2-(thiolmethylene)-phenyl, 3-(thiolmethylene)-phenyl, 4-(thiolmethylene)-phenyl,
2-(thioimethylene)-6-pyridyl, 3-(thiolmethylene)-6-pyridyl, 4-(thioimethylene)-6-pyridyl,
See hereunder some of these structures with the nucleophilic group attached at the 2-position
of the aryl group; alternatively, attachment at either one of the other positions is also

possible,
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Farthermore, other symmetric tetrazine examples are those where R and RB?
are atkyl groups with attached nucleophilic sites. These atkyls may be Cy-ja linear, branched
or ¢yclic and may contain 1 to 3 heteroatoms such as N, O or 8. Nucleophilic sites can for
example be ~-NH,, -NHR', -OH, -SH groups, where R’ Imay represent Ci- alkyl or phenyl.
Accordingly, specific examples are R' = R? = 2-aming-ethyl, 4-anuno-butyl, 6-amino-hexyl,
2-amino-ethyloxy, 4-amino-butyloxy, 6-amino-hexyloxy, 2-amino-ethyithioxy, 4-amino-
butylthioxy, 6-amino-hexylthioxy, or 2-hydroxy-ethyl, 4-hydroxy-butyl, 6-hydrexy-hexyl, 2-
hydroxy-ethyloxy, 4-hydroxy-butyloxy, 6-hydroxy-hexyloxy, 2-hydroxy-ethylthioxy, 4-
hydroxy-butyithioxy, 6-hydroxy-hexylthioxy, or 2-thiol-ethyl, 4-thiol-butyl, 8-thiol-hexyl, 2.
thiol-ethyloxy, 4-thiol-butyloxy, 6-thiol-hexyloxy, 2-thiol-ethylthioxy, 4~thiol-butylthioxy, 6-
thiol-hexylthioxy, or 2-pyrrolidinyl, or 2-piperidinyl, or N-piperazyl. By way of clarification,
see the ethylene spaced stractures drawn below. Other spacers than the drawn ethylene (or

the mentioned butylene or hexylene) spacers are also possible of course,
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poth-X=Sand dothY =5
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In case asymmetric [,2,4,5-tetrazines are considered, one can choose any

combination of given R! and R? residues that have been highlighted and listed above for the

» N e o~ v i Py
symmetric tetrazines of formula (7), provided of course that R and R are different,

Accordingly, both R and R? have nucleophilic sites. Find below sorme ex ample stroctures

S drawn.
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However, I case asymmetric 1,2,4,5-tetrazines are considered, it is preferred

1

- . ~ , . 4 . . B .y
that the above listed R’ residues for the symmetric 1,2,4,5-tetrazines are combined with.an R°
residue that not nevcessarily bears a nucleophilic site, that does not generally hold as electron-

donating and that preferably is elecwron-withdrawing and that is chosen from residues of the
2] ] &

group H, alkyl (preferably methyl), aryl (preferably 2-pyridvl, 3-pyridyl, 4-pyridyl, 2,6-

pyrimidyl, 3,5pyrindyl, 2,4-pyrimidyl or phenyl optionatly substituted with one or more
slectron-withdrawing groups such as NOs, F, Cl, CF;, CN, COOH, COOR!, CONH3,
CONHR!, CONR'R", CHO, COR', SO;R/, 50,0R', NO or R"}), CF;, CF2-R’, C(=OR",

15 CESDHRLSEOR. S(=0RR, CEOO-RT, CEOMS-RC, CESYO-R, C=S)5-R7,
CEOINR'R™, C{(=8)NR'R™ with R" and R” each independently being aryl or atkyl. More

preferably, the R? residue then is chosen from H, methyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2.6~
pyrimidyl, 3,5-pyrimidyl, 2,d-pyrimidyi, phienyl, CONH;, CONHE', CONR'R" with R’ and

R™ each independently being arvl or alkyl, preferably methy! or ethyl. Find below some

24

example structures drawn.
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Drug release via (eascade) elimination reactivas
In another preferred embodiment of this invention, the release of the drug or
drugs is caused by an intramolecular elimination reaction within the Retro Diels-Alder
5 adduct. This elimination reaction can be a simple one step reaction, or it can be a multiple

step reaction that involves one or more intermediate structures. These intermediates may be
stable for some time ot may munediately degrade to the thermodynamic end product or to the
next intenmediate structure. When several steps are involved, one can speak of a cascade
reaction. In any case, whether it be a simple or a cascade process, the result of the elimination

10 reaction is that the drug gets released from the retro Diels-Alder adduct. Without wishing to
be bound by theory, the degign of both components (i.e. the diene Activator and the
dienophile Trigger) is such that the distribution of electrons within the retro Diels-Alder
adduct is unfavorable, so that a rearrangement of these electrons must occur. This situation
initiates the intramolecular (cascade) climination reaction to take place, and it therefore

15 induces the release of'the drug or drugs. Occurrence of the elimination reaction in and drog
release from the Prodrug is not cificient or cannot take place prior to the Retro Diels-Alder
reaction, as the Prodrug itself is relatively stable as such. Elimination can only take place

after the Activator and the Prodrag have reacted and have been assembled in the retro Diels-

Alder adduct.
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Without wishing to be bound by theory, the above two examples illustrate how
the unfavorable distribution of electrons within the retro Diels-Alder adduct can be relieved
by an elimination reaction, thereby releasing the drug, In one scenario, the elimination
process produces end product A, where this product has a conjugation of double honds that
was not present in the retro Diels-Alder adduct yet. Species A may tautomerize to end
product B, or may rearrange to form end product €. Then, the non-aromatic dihydro
pyridazine ring in the retro Diels-Alder adduct has been converted to the aramatic pyridazine
ring in the end product C. The skilled person will understand that the distribution of electrons
in the retro Diels-Alder adduct is generally unfavorable relative to the distribution of the
electrons in the end products, either species A or B or C. Thus, the formation of a species
stabler than the retro Diels-Alder adduct is the driving force for the (cascade) elimination
reaction. In any case, and in whatever way the process is viewed, the drug species (here the
amine ‘drog-NH,") is effectively expelled from the retro Diels~-Alder adduct, while it does not
get expelled from the Prodrog alone.

Below scheme depicts a possible alternative release mechanism for the
cascade elimination, in addition to the two discussed above. Without wishing to be bound by
theory, the below examples tllustrates how the unfavorable distribution of electrons within
the retro Diels-Alder adduct may be relieved by an climination reaction, thereby releasing the

drug. This process may evolve via varions tauromerisations that are all equilibria. Here, the
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DA reaction produces tautomers A and B, which can interchange into one and other.

Tautomer B can lead to the elimination into product C and thereafter into D,

drug

R = phenyt

drug.

ff R
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R
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drug-Ni-g
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Also in this second embodiment of the imvention, the Activator is a diene. The
person skilled in the art is aware of the wealth of diencs that are reactive in the Retro Diels-
Alder reaction. Preferred dienes are given below, with reference to formulae (8)~(10).

R1

41
il
¥

(8)
In formala (8) R is selected from the group consisting of H, alkyl, arvl, CFs,
CF-R?, OR?, SR, CEOR”L CE=S)R’, C=0)0-R, C=OMS-R’, C=S)0-R’, C(=8)8-R",
CEOINRRY, CESNRIR™Y, NRIR™, NR'C(=0IR”, NRU(ESIRY, NR'CE=OIOR™,

16 NR'CE=SIORY, NR'CEOWR Y, NRCESISRY, NRCEOWRRY, NRIC{=SINR "R
with each R” and each R* independently being H, aryl or alkyl; A and B each independently
are selected from the group consisting of alkyl-substituted carbon, aryl substituted carbon,
nitrogen, N'O, N'R with R being alkyl, with the proviso thul A and B are not both carbon; X
is selected from the group consisting of O, N-alkyl, and C=0, and Y is CR with R being

15 selected from the group consisting of H, alkyl, aryl, C(=0)OR’, C{=0)3R’, C(=S)OR’,
C{=8)SR’, C(=0INR'R” with R" and R™" each independently being H, ary! or alkyl.
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A diene particularly suitable as a reaction partner for cyclooctene is given in
20 formula (9), wherein R’ and R* each independently are selected from the group consisting of
H, alkyl, aryl, CF3, CI-R°, NOp, OR™, SR, C(=0)R’, C(ESIR’, OC=OIR™, SC=OR™,
OCES)R™, SCESIRT, S(=O0NR’, S(=00R", §(=0):NRR>, C=0)0-R*, C(=0)S-R”,
C=8)0-R*, C(=8)8-R", C(=O)NR'R", C(=S)NR’R™, NR'R™", NR'C{=0JR"", NR*C(=85)R"",
NR'CEFOYOR, NR'CESYOR™, NR'CE=OYSR, NR'C(=5)SR™, OC(=0)NR'R™,
SC=OINR'RY, OC(=SINR'R™", SC=S)NR'R™, NR*C{=0)NRR”’, NR'C(=SINRR™

with each R* and each R™ independently being H, aryl oralkyl, and R™"" independently being

]
(&8

aryl or alkyl; A is selected from the group consisting of N-alkyl, N-aryl, C=0, and CN-alkyl;

Bis O or §; X is selected from the gro up consisting of N, CH, C-alkyi, C-aryl, CC{(=O)R’,



L

10

15

20

25

CA 02836338 2013-11-15

WO 2012/156918 PCT/IB2012/052445

45

CCEB)RY, CSEOIR’, CSE0)RR™, CCH=MO-R’, CCEOIS-RY, CO(=8)0-R?, COES)S-R,
CCEOINR'R™, CC=8)NR'R™, R and R”” cach independently being 1, aryl or alky! and
R independently being aryl or alkyl; Y is selected from the group consisting of CH, C-
alkyl, C-aryl, N, and N'O".
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Another diene particularly suitable as a reaction partner for oyelooctene is
diene (10), wherein R' and R* cach independently are selected from the group cousisting of
H, alkyl, aryl, CF3, CFo-R*, NO, NOz, OR’, SR, CN, C(=O0)R*, C(=SIR’, OC{(=0R"",
SCEOI, OCES)RT, SCEER™, SEORY, SE=01R, S(=01,0R", PORR",
S{=0RNR'R”, C(=0)0-R’, C=OISR, C=R0-R, CESS-R, CEOINRIRY,
CESNR'RY, NR'RY, NR'CEOR”, NR'CESRY, NR'CE=O)OR™ , NR'CESIOR ™,
NR'C=0)SR", NR'C(=S8)8R"", OC(=0)NR'R"", SC{=O)NR'R"", OC(=8S)NR'R*’,
SCEEINR'R”, NR'CHEOINRVR™, NR’C(=8)NR"'R"" with each R® and each R
independently being H. aryl or alkyl, and R**” independently being aryl or atkyl; A is selected
from the group consisting of N, C-allkyl, C-aryl, and N'O"; B is N; X is selected from the
group consisting of N, CH, C-alkyl, C-aryl, CC=OR, CCESIRY, CS(=0)R’, CS(=0)R"*,
CCEOYO-R’, CCE0)S-R, COES)O-R', CCES)S-R’, COEOINR'R”, CCESINRR, R
and R"" each independently being H, aryl or alkyl and R independently being arvl or atkyl;

Y is selected from the group consisting of CH, C-alkyl, C-arvl, N, and N*O".

Ry Ry 12
T'//?L\ X Nf)\ \'])E( T{;J\N
; | |
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Now Y Hag N LN
T | N
B, Ry Hy
() (12) (13}

According to the invention, particularly useful dienes are 1,2-diazine, 1,2,4-
triazine and 1,2.4,5-tetrazine derivatives, as given in formulas (1), (12) and (13),

respectively.



(4]

10

20

30

CA 02836338 2013-11-15

WO 2012/156918 PCT/IB2012/052445
46

The §,2-diazine is given in (11}, wherein R and R” cach independently are
selected from the group consisting of H, alloyl, aryl, CF;, CF-R°, NGy, QR SR, C=O)R°,
CHEOR, OCEOIR, SCEOIR™, OCESHIRY?, SCESHR, S=0)R’, S(=01R7,
S(=0RNR'R™, C(=0)0-R’, C(=(0)8-R’°, C=S0-R’, C=S)S-R°, C{=0INR’R™",
CESNR'RYNRIR?, NRCEDR, NR'CESIR?, NRICEQHORY, NR'C(=SI0R ™,
NR'C(=0}SR"", NR'C(=8)SR™", OC(=O0NR'R™, SC{=0)NR'R", OC{=SINR'R"",
SCESNRR”, NMRIC(E=ONR”R”, NRIC(E=SNR R with each R and each R
independently being H, aryl or alkyl, and R™" independently being aryl or alkyl; X and Y
each independently are selected from the group consisting of O, N-alkyl, N-aryl, C=Q, CN-
alkyl, CH, C-alkyl, C-aryl, CC{=O)R", CC(=S)R’, CS(=OR’, CSEQRR, CCEOXO-RY,
CCEOSRY, CCESYO-R, CCESSRY, CCEOINR'RY, CCESINR'RY, with R and R
each independently being H, aryi or alkyl and R*" independently being aryl or alkyl, where
X-Y may be a single or a double bond, and where X and Y may be connected in a second
ring structure apart from the 6-membered diazine. Preferably, X-Y represents an ester group
(X=0and ¥ = C=0; X-Y is a single bonid) or X-Y represents a cycloatkane groop (X = CR?
and Y = CR™": X-Y is a single bond; R’ and R™ are connected), preferably a cyclopropane
ring, so that R” and R are connected te each other at the first carbon atom outside the 1,2-
diazine ring.

The 1,2,4-triazine is given in (12), wherein R' and R? each independently are
selected from the group consisting of H, alkyl, aryl, CF;, CF;-R*, NO,, OR’, SR’ C(=O)R",
CE=SR, OCEOR™, SCEOIR™, OC(=S)R™, SC=SIRT, S(=O)RT, S(=0),R"",
S8(=0NR'R"", C(=0)O-R’, C(=0)S-R", C(=5)0-R’, C(=8)8-R’, C(=OINR'R"",
CESNRRY, NR'R, NR'CE=OIRY, NR'CESHIRY, NR'CEOYOR”  NR C(=S)0R ™,
NR'CEOISRY, NR'CES)ISR”, OCEOINRRY, SCEOINR'R™”, OC(=S)NR'R"",
SCESINR R, NRTOEOINRVR??, NRYCESINRR with cach R and each R
independently being H, arvl or alkyl, and R™™" independently being aryl or alkyl; X is selected
from the group consisting of CH, C-alkyl, C-arvl, CCHEOMR, CCESIR’, CS{(=OR',
CS(=0RR", CCE=OO-R’, CC=OIS-R, CCESORT, CCESIS-RY, CC(=ONRR™,
CC(=3)NR'R"", R" and R*" each independently being H, aryl or alkyl and R™" independently
being arvlor alkyl.

The 1,2,4.5-tetrazine is given in (13), wherein R’ and R* each independently
are selected from the group consisting of H, alkyl, aryl, CF;, CF-R°, NO, NO,, OR™, SR,
CN, CEOR, CESIR, OLEOR™, SCEOR™, OCESIIR, SCESHR™, SEOR”,
SEORRT, SEOROR™ PORRY, SEORNR'RY, C=0)0-R°, CE=0)S-R*, CESHO-R,
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CESS-RY, CEOINRTR™, C=8INRRY, NR'R”, NR'CEQIR, NMRIC(=5R™,
NRCE00RT, NR CESYORY, NR'CEOYSR”, NR'C(=5)SR™, OC(=O)NR’R?,
SCEOINR'R™, OCE=R)NR'R™, SCESINR’RY, NRCEOINR TR, NRC(=SINRR”?
with each R’ and each R independently being H, aryl or alkyl, and R independently being
aryl or alkyl.

Electron-deficient 1,2-diazines (113, 1,2,4-triazines (12} or 1,2 4,5-tetrazines
(13) arc especially interesting as such dienes are geverally more reactive towards dienophiles.
Di- tri- or tetra-azines are electron deficient when they are substituted with groups or
wodeties that de not generally held as clectvon-donating, or with groups that are electron-
withdrawing. For example, R' and/or R* may denote a substituent selected from the group
consisting of H, alkyl, NOy, F, Cl, CF;, CN, COOR, CONHR, CONR;, COR, SO:R, SO0R,
SONRy, PO3R,, NO, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2,6-pyrimidyl, 3,5-pyrimidyi, 2,4~
pyrimidyl, 2,4 tmidazyl, 2,5 imidazyl or phenyl, optionally substituted with one or more
slectron-withdrawing groups such as NOy, F, CL, CF,;, CN, COOR, CONHR, CONR, COR,
SR, SO:0R, 5ONRg POsRa, NO, Ar, wherein R is H or C-Ce alkyl, and Ar stands for an
aromatic group, particularly phenyl, pyridyl, or naphthyl.

The 1,2,4,5-tetrazines of formula (13) are most preferred as Activator dienés,
as these molecules are most reactive in retro Diels-Alder reactions with dienophiles, such as
the preferred TCO dienophiles, even when the R' and/or R groups are not necessarily
electron withdrawing, and even when R and/or R are in fact electron donating. Electron
donating groups are for example OH, OR’, SH, SR*, NH,, NHR’, NR'R", NHC{=OQ)R ",
NRC=0IR™, NHCESIR?, NRC(=5)RY, NHSO,RY, NR'SO,R™ with R” and R each
independently being alkyl or aryl groups. Examples of other electron donating groups are
phenyl groups with attached to them one or more of the electron donating groups as
mentioned in the list above, especially wheu substituted in the 2-, 4- and/or 6-position(s) of
the phenyl group.

According to the invention, 1,2,4,5-tetrazines with two electron withdrawing
residues, or those with one electron withdrawing residue and one residue that is neither
electron withdrawing nor donating, are called electron deficient. In a similar way, 1,2,4,5-
tetrazines with two electron donating residues, or those with one electron donating residue
and one residue that is neither electron withdrawing nor donating, are called electron
sullicient, 1,2,4,5-Tetrazines with two residues that are both neither electron withdrawing nor
donating, or those that have one electron withdrawing residue and one electron donating

residue, are neither electron deficient nor electron sufficient.
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The 1,24, 5-tetrazines can be asymmetric or syinmelric in natare, .. the R
and R* groups in formula (13) may be different groups or may be identical groups,
respeetively. Symmetric 1,2,4,5-tetrazines are more convenient as these Activalors are more
easity accessible via synthetic procedures.

We have tested several 1,2.4,5-tetrazines with respect to their ability as
Activator to release a model drug compound (i.e. benzyl amine) from a Prodrug via an
climination {cascade) process, and we have found that tetrazines that are clectron deficient,
electron suflicient or neither electron deficient nor electron sufficient are capable to induce
the drug release. Furthermore, both symmetric as well as asymmetric tetrazines were
elfective.

Electron deficient 1,2,4,5 tetrazines and 1,2,4,5-tetrazines that are neither
clectron deficient nor electron sufficient are generally more reactive i retro Diels- Alder
reactions with dienophiles (such as TCOs), so these two classes of 1,24, 5-tetrazines are
preferred over electron sutficient 1,2,4.5-tetrazines, even though the latter are also capable of
mducing drug refease in Prodiugs.

In the following paragrapls specific examples of 1,2,4,5-tetrazine Activators
according to the second embodiment of this invention will be highlighted by defining the R’
and R residues in formula (13).

Symumetric electron deficient 1,2,4.5-tetrazines with electron withdrawing
residues are for example those with R' = R* = H, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2,4-
pyrimidyl, 2,6-pyrimidyl, 3,5-pyrimidyl, 2,3 4-triazyl or 2,3, 5-triazyl. Other examples are
those with R' = R® = phenyl with COOH or COOMe carboxylate, or with CN nitrile, or with
CONH;, CONHCHa; or CON(CH3})» amide, or with SO1T1 or SO3Na sulfonate, or with
SOaNHz, SO:NHCH; or SO:N(CH3)s sulfonamide, or with PO;H; or PO;Na; phosphonate
substitaents in the 2-, 3- or 4- position of the phenyl group, or in the 3- and S-positions, or in
the 2- and 4-positions, or in the 2,- and 6-positions of the phenyl group. Other substitution
patterns are also possible, including the use of different substituents, as long as the tetrazine

renains symmetric, Sce below for some examples of these structures.
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Symmetric electron sufficient 1,2,4,5-tetrazines with electron donating
residues are for example those with R'=R*=QH, OR', SH, SR, NH;, NHR', NR5, NH-CO-
R, NH-8G-R', NH-80:-R’, 2-pyrryl, 3-pyrryl, 2-thiophene, 3-thiophene, where R' represents
a methyl, ethyl, phenyl or tolyl group. Other examples are those with R' = R* = phenyl with
GH, OR', SH, SR', NH,, NHR', NR';, NH-CO-R', NR"-CO-R/, NH-SO-R’ or NH-80-R’
substitueni(s}, where R' represents a methyl, ethyl, phenyl or tolyl group, where R" represents
a methyl or ethyl group, and where the substitution is done on the 2- or 3- or 4- or 2- and 3-
or 2- and 4- or 2- and 5- or 2- and 6- or 3- and 4- or 3- and 5- or 3- 4- and S-position(s). See
below for some examples of these structures.
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Synunetrie 1,24, 5-tetrazines with neither electron withdrawing nor electron

donating residues are for example those with R' = R = phenyl, methyl, ethyl, (iso)propyl,
2 P PhCI Y ¥ YO
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2,4-imidazyl, 2,5-imidazyl, 2,3~pyrazyl or 3,4-pyrazyl. Other examples are those where R' =
R? = a hetero(aromatic) cycle such as a oxazole, isoxazole, thiazole or oxazoline oycle. Other
examples are those where R' = R* = a phenyl with one electron withdrawin g substituent
selected from COOH, COOMe, CN, CONH;, CONHCH;, CON(CH3), SOsH, S03Na,
SQNH,, SO.NHCH3, SO2N(CH: )2, PO3H; or PO3Nay and one electron donating subsituent
selected from OH, ORY SH, SR/, NH:, NHR', NR'3, NH-CO-R', NR*-CO-R’, NH-S3-R or
NH-80,-R' substituent(s), where R' represents a methyl, cthyl, pheny! or tolyl group and
where R" represents a methyl or ethyl group. Substitutions can be done on the 2- and 3-, 2-
and 4-, 2,- and 3-, 2- and 6, 3- and 4-, and the 3- and 3~positions. Yet other examples are
those where R' = R? = g pyridyl or pytimidyl moiety with one electron donating subsituent
selected from OH, OR', SH, SR/, NH,, NHR', NR%, NH-CO-R!, NR"-CO-R', NH-SO-R' or
NH-50,-R" substituents, where R’ represents a methyl, ethyl. phenyl or tolyl group and where

R" represents a methyl or ethyl group. See below for some examples.
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In case asymmetric 1,2 4,5-tetrazines are considered, one can choose any
combination of given R' and R” residues that have been highlighted and listed above for the
symmetric tetrazines according to formula (13}, provided of course that R' and R* are
different. Preferred asymmetric 1,2,4,5-tetrazines are those where at least one of the residues

T s . “ . a N
R' or R? is electron withdrawing in nature. Find below some example structures drawn.
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Further considerations regarding the dctivator

In the above the Activator has been described and defined with respect to
either of two preferred embodiments of this invention, and for both embodiments 1.2-
diazines, 1,2, 4-triazines and 1,2.4,5-tetrazines, particularly 1,2,4,5-tetrazines, are the
preferred diene Activators. In the below, some relevant features of the Activator will be
highlighted, where it will also become apparent that there are plentiful options for designing
the right Activator formulation for every specific application.

According to the invention, the Activator, e.g. a 1,2 4,5-1¢trazing, has useful
and beneficial pharmacological and pharmaco-kinetic properties, implying that the Activator
is non-toxic or at least sufficiently low in toxicity, produces metabolites that are also
sutficiently low in toxicity, is sufficiently soluble in physiological solutions, can be applied
in aqueous or other formulations that are routinely used in pharmaceutics, and has the right
log D value where this value retlects the hydrophilic/hydrophobic balance of the Activator
molecule at physiological pH. Asis known in the art, log D values can be negative
(hydrophilic molecules) or positive (hydrophobic molecules), where the lower or the higher
the log D values become, the more hydrophilic or the more hydrophobic the molecules are,
respectively. Log D values can be predicted fairly adequately for most molecules, and log D
values of Activators can be tuned by adding or removing polar or apolar groups in their
designs. Find below some Activator designs with their corresponding caleulated log D values

(at pH = 7.4). Note that addition of methyl, cycloalkylene, pyridine, amine, alcohol or
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sulfonate groups or deletion of pheny! groups modifies the log D value, and that a very broad

range of log D values is accessible,
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402 1.33 2.58 =22 .65 -2.85 118
3 The given log D numbers have been caleulated from a weighed method, with

equal importance of the 'VG' (Viswanadhan, V. N.; Ghose, A. K.; Revankar, G. B.; Robins,
R. K., J. Chem. lnf. Comput. Sci,, 1989, 29, 163-172), 'KLOP' {according to Klopman, G.;
Li, Fi-Yun,; Wang, S Dimayuga, M. J.Cheim. Inf.Comput.Sci., 1994, 34,752) and PHYS'
(according to the PHYSPROPD database) methods, based on an agueous solution in 0.1 M in
10 Na /KTl

The Activator according to the invention has an appropriate reactivity towards
the Prodrug, and this can be regulated by making the diene, particularly the 1,2,4,5-tetrazines,
sufficiently clectron defieient. Sufficient reactivity will ensure a fast retro Diels-Alder

reaction with the Prodrug as soon as it has been reached by the Activator.
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The Activator according to the invention has a good bio-availability, implying
that it is available inside the (human) body for exccuting its intended purpose: effectively
reaching the Prodrug at the Primary Target. Accordingly, the Activator does not stick
significantly to blood components or to tissue that is non-targeted. The Activator may be
designed (o bind to albumin proteins that are present in the blood (s0 as to increase the blood
circulation time, as is known in the art), but it should at the same time be released effectively
from the blood stream to be able to teach the Prodrug. Accordingly, blood binding and blood
releasing should then be balanced adequately. The blood circulation time of the Activator can
also be increased hy increasing the molecular weight of the Activator, e.g. by attaching
polyethylene glycol (PEG) groups to the Activator (‘pegylation”). Altematively, the PKPD of
the activator may be modulated by conjugating the activator to another moiety such as a
pelymer, protein, (short) peptide, carbohydrate.

The Activatar according to the invention may be multimerie, so that multiple
diene moietics may be attached to a molecular scaffold, particularly o e.g. multifunctional
moleciles, carbohydrates, polyvmers, dendrimers, proteins or peptides, where these scaffolds
arve preferably water soluble. Examples of scaffolds that can he used are (pwultifunctional)
polyethylene glycals, poly (propylene imine) (PPI) dendrimers, PAMAM dendrimers, glycol
based dendrimers, heparin derivatives, hyaluronic acid derivatives or serum albumine
proteins such as HSA.

Depending on the position of the Prodrug (e.g. inside the cell or outside the
cell; specific organ that is targeted) the Activator is designed to be able to effectively reach
this Prodrug. Therefore, the Activator can for example be tailored by varying iis log D value,
its reactivity or its charge. The Activator may even be engineered with a targeting agent (e.g.
a protein, a peplide and/or a sugar motety), so that the Primary Target can be reached actively
instead of passively. In casc a targeting agent is applied, it is preferred that it is a simple
motety {i.e. a short peptide or a simple sugar).

According to the invention, a mixture of different Activators can be applied.
This may be relevant for regulation of the release profile of the drug,

The Activator that according to the invention will cause and regulate drug
release at the Primary Target may additionally be modified with moieties giving extra
function{s) to the Activator, either for in-vitro and/or for in-vive studies or applications. For
example, the Activator may be modified with dye moieties or fluorescent moieties (see e.g. S,
Hilderbrand et al., Bioconjugate Chem., 2008, 19, 2297-2299 for 3-(4-benzylamino)-1,2,4,5-

tetrazine that 1s amidated with the near-intrared (NIR) tluorophore VT680), or they may be
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functionalized with imaging probes, where these probes may be useful in imaging modalities,
such as the nuclear imaging technigues PET or SPECT. In this way, the Activator will not
only initiate drug release, but can also be localized inside the (human) body, and can thus be
used to localize the Prodrug inside the (human) body. Consequently, the position and amount
5 ol drug release can be monitored. For example, the Activator can be medified with DOTA
{or DTPA) ligands, where these ligands are ideally suited for complexation with ' In*"-ions
for nuclear imaging. In other examples, the Activator may be linked to "1 or '*F moicties,
that are well established for use in SPECT or PET imaging, respectively. Furthermore, when
used 1n combination with e.g. beta-emitting isotopes, such as Lu-177, or Y-90, prodiug
16 activation can be combined with localized radiotherapy in a pretargeted format.

Synthesis routes to the above activators are readily available to the skilled
person, based on standard knowledge in the ast. References to tetrazine synthesis routes
include Lions et al, J. Org. Chem., 19635, 30, 318-319; Horwitz et al, /. Am. Chem. Soc.,
1958, 80, 3155-3159; Hapiot et al, New., J. Chenz., 2004, 28, 387-392, Kaim et al. Z

15 Naturforsch., 1995, 50b, 123-127.

Prodrug
. . ) i) _ s
A Prodrug is a conjugate of the Drug D" and the Trigger T" and thus
comprises a Drug that is capable of therapeutic action after its release from the Trigger. Such

20 a Prodrug may optionally have specificity for disease targets.

The general formula of the Prodrug is shown below in Formula (14a) and

(14b).
(7
(s
M= (8P~ (TR {LP), ~(OP), or (T (L2,
25 (142) (14b)

v i
Py

e - : M - . N e . F W
Fhe moiety Y™ can either be a targeting agent T' ora masking moiety MY: §
. Sl . ST 5.
is spacer; T® is Trigger, L” is linker, and DV is drug,
For applications where drugs are released from a targeting agent: Y is a

30 targeting agent T';

IR

Formula(lda): k=1, mr= I;t;n:

{
Formuda (14by k=L mne = L1y 2 0
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For applications where masked drugs are unmasked: Y™ is 2 masking moiety
N;IM;
Formula (14a)and (14b): e =T, m> {: kot = 0.

Although it has been omitted for the sake of clarity in the above formula, DY
can further comprise T andfor MM, optionally via 8",

Drugs that can be used in a Prodrug relevant to this invention include
but are not limited to: antibodies, antibody derivatives, antibody fragments, e.¢. Fab2, Fab,
sclV, diabodies, triabodies, antibody (fragment) fusions (eg bi-specific and trispecific mAh
fragments), proteins, aptamers, oligopeptides, oligonucleotides, oligosaccharides, as well as
peptides, peptoids, steroids, organic drug compounds, toxins, hormoenes, viruses, whole cells,
phage. Typical drugs for which the invention is suitable include, but are not limited to: bi-
specific and trispecific mAb fragments, inmunotoxins, comprising eg ricin A, diphtheria
toxin, cholera toxin. Other embodiments use auristating, maytansines, ealicheamicin,
Duocarmyeins, maytansinoids DM1 and DM4, auristatin MMAE, CC1065 and its analogs,
camptothecin and its analogs, SN-38 and its analogs; antiproliferative/antitumor agents,
antibiotics, cytokines, anti-inflammatory agents, anti-viral agents, antihypertensive agents,
chemosensitizing and radiosensitizing agents. In other embodiments the released Drug DV is
itself a prodrug designed to release a further drug D, Drugs optionally include 8 membrane
translocation moiety (adamantine, poly-lysine/argine, TAT) and/or a targeting agent {(against
eg a tumor cel receptor) optionally linked through a stable or labile linker.

Exemplary drugs for use as conjugates to the TCO derivative and to
be released upon retro Diels Alder reaction with the Activator include but are not limited to:
cytotoxic drugs, particularly those which are used for cancer therapy. Such drugs inchude, in
general, DNA damaging agents, anti-metabolites, natural products and their analogs .
Exemplary classes of cytotoxic agents include the enzyme inhibitors such as dihydrofolate
reductase inhibitors, and thymidylate synthase inhibilors, DNA alkylators, radiation
sensitizers, DNA intercalators, DNA cleavers, anti-tubulin agents, topoisomerases inhibitors,
platinum-based drugs, the anthracycline family of drugs, the vinca drugs, the mitomycins, the
bleomycins, the cytotoxic nucleosides, taxanes, lexitropsius, the pteridine family of drugs,
diynenes, the podophyllotoxins, delastating, maytansinoids, differentiation inducers, and
taxols. Particularly useful members of those classes include, for example, duocarmycin |

methotrexate, methopterin, dichloromethotrexate, 5-fluorouracil DNA minor groove binders,
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6-mercaptopuring, cylosine aiabinoside, melphalan, feurosine, leurosideine, actinomycin,
daunorubicin, doxorubicin, mitomycin C, mitomycin A, caminomycin, aminopteria,
tallysomycin, podophyHoloxin and podophyllotoxin derivatives such as efoposide or
etoposide phosphate, vinblastine, vincristine, vindesine, taxol, taxotere retinoic acid, butyric
acid, N8-geetyl spermidine, camptothecin, calichearnicin, esperamicin, ene-diynes, and their
analogues,

Exemplary drugs include the delastatins and analogues thereof including:
dolastatin A { U.S. Pat No. 4,486,414), dolastatin B (.S, Pat No. 4,486,414}, dolastatin 10
{U.S. Pat No. 4,486,444, 5,410,024, 5,504,191, 5,521,284, 5,530,097, 5,599,902, §,635.483,
3,663,149, 5,665,860, 5,780,588, 6,034,005, 6,323,315),dolastatin 13 (US. Pat No.
4,986,988), dolastatin 14 (U.S. Pat No. 5,138,036), dolastatin 15 (U.S. Pat No. 4,879,278,
dolustatin 16 (U.S. Pat No. 6,239,104), dolastatin 17 (U.S. Pat No. ..6,239,104), and
dolastatin 18 (U.S, Pat No. . 6,239,104},

In‘exemplary embodiments of the invention, the drug moiety is a mytomycin,
vinea alkaloid, taxol, anthracycline, a calicheamicin, maytansinoid or an auristatin.

1t will be waderstood that chemical modifications may also be made to the
desired compound in order to make reactions of that conipound more convenient fof pirposes
of preparing conjugates of the invention. Drugs containing an amine functional group for
coupling to the TCO include mitomycin-C, mitemycin-A, davnorubicin, doxorgbicin,
aninopterin, actinomycin, bleomyein, 9-amino camptothecin, N§-acetyl spermidine, 1-(2
chloroethyl)1,2-dimethanesulfonyl hydrazide, tallysomyein, cytarabine, dolastatins
(including auristatins} and derivatives thereof.

Drups containing a hydroxyl function group for coupling to the TCO include
etoposide, camptothecin, taxol, esperamicin, 1,8-dihydroxy-bicyclo[7.3.1ltrideca-4-9-diene-
2,6-diyne-13-one (11.S. Pat No. 5,198,560}, podophyllotoxin, anguidine, vincristine,
vinblastine, morpholine-doxorubicin, n-(5,5-diacetoxy-pentyl)doxorubicin, and derivatives
thereof.

Drugs containing a sulfthydryl fanctional group for coupling io the TCO
include esperamicin and 6-mecaptopurine, and derivatives thereof.

It will be understood that the drugs can optionally be attached to the TCO
derivative through a linker L” or a self-immolative linker LP, or a combination thereof, and

which may consist of multiple (self-immolative, or non immolative) units,

CA 2836338 2019-10-18
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Itwill further be understood that one ore more targeting agents T' or masking
moieties MM may optionally be attached to the Drug DY, Trigger T, or Linker LY, optionally

. P
via @ spacer or spacers S

Several drugs may be replaced by an imageable label td measure drug
targeting and release.

According to a further particular embodiment of the invention, the Prodmg is
selected so asto target and or address a disease, such as cancer, an inflammation, an
infection, a cardiovascular disease, e.g. thrombus, atherosclerotic lesion, hypoxic site, e.g.
stroke, tumor, cardiovascular disorder, beain disorder, apoptosis, angiogenesis, an organ, and
reporter gene/enzyme,

According to ong embodiment, the Prodrug and/or the Activator can he
multimeric compounds, comprising a plurality of Drags and/or bicorthogonal reactive
moigties. These multimeric compounds can be polymers, dendrimers, liposomes, polymer
particles, or other polymeric constructs.

In the Prodrug, the Drug DY and the Trigger TV - the TCO derivative- can be
directly linked to each other. They can also be bound to each other via a linker or a self-
immolative linker L, Itwill be understood that the invention encompasses any conceivable
manner in which the dienophile Trigger is attached to the Drug. The same holds for the
attachment of an optional targeting agent T' or masking moiety M™ to the Prodrug. Methods
of affecting conjugation to these drugs, e.g. through reactive amino acids such as lysing or
cysteine in the case of proteins, are known to the skilled person.

1t will be understood that the drug molety is linked to the TCO in such a way
that the drug 1s eventually capable of being released after formation of the retro Diels-Alder
adduct. Generally, this means that the bond between the drug and the TCO, or in the event of
a linker 1., the bond between the TCO and the finker L, or in the event of a self-immolative
tinker, the bond between the linker and the TCO and between the drug and the linker, should
be cleavable. Predominantly, the drug and the optional linker is linked via a hetero-atony,
preferably via O, N, NH, or S. The cleavable bond is preferably selected from the group
consisting of carbamate, thiocarbamate, carbonate, ether, ester, amine, amide, thioether,
thioester, sulfoxide, and sultfonamide bonds.

Thus, in the invention, linker concepts can be applied analogously to those
known to the skilled person. Most reported prodrugs consist of three components: a trigger, a

linker, and a parent dug, optionally a targeting molecule s attached to either the linker or the
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trigger. The trigger, which can e.g. be a substrate for a site-specific enzyme, or pH labile
group, is often connected to the parvent drug via a self-elimination linker. This linker is
wcorporated to facilitate enzymatic cleavage of the trigger, increasing active site accessibility
and decreasing steric hindrance from the attached drug. Also the linker facilitates the
straightforward use of a broad range of prodrugs in combination with the same trigger.
Furthermore, the linker modulates prodrisg stability, pharmacokinetics, organ diswibution,
enzyme recognition, and release kinetics. Afier trigger activation/removal, the linker must
spontancously climinate to release the parent drug. Depending on the attached drug the linker
or parts thereof can remain on the drug without inipairing its action. The general concept is

depicted in Scheme 2,

Scheme 2

I trigger H linker } ------- % drug I

activation

5

i linker H drqg i

spontanecus

¥

Cons ]

Two types of self-elimination linkers can be distinguished a) the electronic
cascade linker b) the cychization linker. The most prominent example of a cascade linker is
the 1,6 elimination spacer shown in Scheme 3 in a f-glucuronide prodrug of anticancer agent
9-aminocamptothecin. After unmasking of the aromatic hydroxyl function by the enzyme §-
glucuronidase (present in certain necrotic tumor areas), this group becomes electron-donating
and initiates an electronic cascade that leads to expulsion of the leaving group, which releases
the free drug after elimination of CO,. This cascade, based on a quinone-methide
rearrangement, can also be inifiated by the lone pair of an unmasked amine or thiol instead of
the hydroxyl. The formed quinone-methide species is trapped by water to form a phenol

derivative.

Scheme 3
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PRSI, - 07 NH glucuroridase

Some other trigger-linker concepts are depicted in Scheme 4. The trigzer in A
is activated by plasmatic esterases. Hydrolysis of the tert-butyl ester affords the free aromatic
hydroxyl group, which starts the quinone-methide cascade. This construct has been targeted
by conjugation to an antibody (R). In B, the hydrolysis of cephalosporing by beta-lactamase
enzymes is used as a trigger. Hydrolysis of the lactam ring can to lead expulsion of the drug
substituent depending on its leaving group nature. Drugs have been conjugated via an ester,
amide, sulfide, amine and carbamate Jink. Two examples of aromatic cyclization-based
linkers are C and D. hn C cleavage by peniciliin G-amidase leads to intramoleculsr attack of
the amine on the carbonyl, releasing the drug. D shows a phosphatase-sensitive prodrug.
Cleavage of the phosphate by human alkaline phosphatase atfords s hydroxyl thatreacts o a
lactam by releasing the drug, In E an cxample is shown of a prodrug that it triggered by the
reduction of a nitro group to an amine, This reduction can be performed by nitroreductase in
the presence of NADPH. Furthermore, a number of heterocyclic nitro constructs are known
(F) that are reduced In hypoxic (tumor) tissue and, hence, can initiate a cascade without the
assistance of an enzyme. Other triggers used in prodrug therapy are sensitive 1o plasmin,

tyrosine hydroxylase (highly expressed in nenroblastoma), tyrosinase or cathepsin B.

Scheme 4: X =0, N, S
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The combination of and reaction between the TCO-Trigger and the Activator

The drug, whether or not via g linker, is preferably attached to a carbon atom

h

that is adjacent 1o the double bond in the TCO ring.

As mentioned above, the choice of TCO as the trigger moiety, allows for a
good versatility in available drug release mechanisms. Preferred mechanisms are based on a)
electronic cascade-mediated release, b) intramolecular cyclization-mediated release,

The following schemes depict non-limiting examples illustrative for the
1¢ various mechanism that can be made to apply on the basis of the choice for the tDA reaction
for activating a prodrug. Note that in cases of refease of amine functional drugs these can be
e.g primary or secondary amine, aniline, imidazole or pyrrole type of drugs, so that the drug
may be varying in leaving group character. Release of drugs with other functionalities may
also be possible (e.g. thiol functinalized drugs), in case corresponding hydrolytically stable
15 TCO prodrugs are applied. The drawn fused ring products may or may not tautomerize to

other more favorable tautomers,
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The above examples lead to a S-membered ring after cyclization, and the ester
or amide substituted TCOs give release of an hydroxy or an amine functional drug from the
retro Diels-Alder adduct. The nucleophilic sites on the tetrazine Activator are on the first

5 (alfa) position of the 3- and 6-residues.
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The above examples lead to a 6-membered ring after cyelization, and the
urethane {or carbamate), ester or amide substituted TCOs give release of an amine or
10 hydrexy functional drug from the vetro Diels-Alder adduct. The nucleophilic sites on the

tetrazine Activators are on the first {alfa) or on the second (beta) positions of the 3- and 6-

residues.
Jdrug
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X=Nland¥ =Q, or
A=0and ¥ = NH, or
XK=QaodY =N
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The above examples lead to a T-membered ring after eyclization, and the

urcthane (or carbamate), ester or amide substituted TCOs give release of an amime functional

or an hydroxy functional drug. The nucleophilic sites on the tetrazine Activators are on the

5 second (beta) or third {gamma) positions of the 3- and 6-residues.

Mo Neond Y = Q, or
¥e= Qand ¥o3 NS, or
X=0and ¥ =N

drug-vH

The above examples lead to an 8-membered ring after eyclization, and the

urethane {or carbamate) substituted TCOs give release ol an amine or hydroxy functional

drug from the adduct. The nucleophilic sites on the tetrazine Activator are ot the third

10 (gamuma) position of the 3- and 6-residucs.
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The above examples lead to a [2-membered ring after cyclization, and the

urethane (or carbamate} substituted TCOs give release of an amine or hydroxy functional

drug from the adduet. The nucleophilic sites on the tetrazine Activator are on the seventh

15 position of the 3-.and 6-residues,

Hereunder, some nonlimiting combinations of TCO Prodrugs and tetrazine

Activators tlustrate the possibilities for cascade elimination induced drug release from the

retro Diels-Alder adduct. Note that in cases of release of amine functional drugs these can be

e.g. primary or secondary amine, aniline, imidazole or pyrrole type of drugs, so that the drug
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may be varying in leaving group character. Release of drugs with other functionalities may
also be possible {e.g, thiol functinalized drugs), in case corresponding hydrolytically stable
TCO Prodrugs are applied. The drawn fused ring products may or may not tautomerize to

other more favorable tautomers.
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The above example of urethane (or carbamate) substituted TCOs gives release
of an amine functional drug from the adduct. The tetrazine Activator is symmetric and

electron deficient.
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Y= NH. Ry = H and 8; = Bn-NH,, or
¥ =N, Ry = Bn-NH; and R, = H

The above examples of urcthane {or carbamate) substituted TCOs gives
release of an amine functional drug from the adduct. The tetrazine Activator is asyminstric
and electron deficient. Note that use of an asymmetric tetrazine leads to fonmation of retro
Dicls-Alder adduct regiomers, apart from the stereo-isomers that are already formed when

synunetric tetrazine are employed.
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The above example of urethane (or carbamate} TCOs gives release of an
amine functional drug from the adduct. The tetrazine Activator is symumetric and electron

sufficient,
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In a preterred embediment, the drug is provided in the form of an antibody-
toxin conjugate. The conjugate is provided with a TCO moicty as identificd above, so as to
enable bio-orthogonal chemically activated toxin release. In another embadiment, the drug is
a bi- ot trispecific antibody derivative that serves to bind to tumor cells and recruit and
activateT-cells, the T-cell binding function of which is inactivated by being linked to a TCO
moicty as described above. The latter, again, serving to enable hio-orthogonal chemically

activated drug activation.

Targeting

The kits and method of the invention are very suitable for use in targeted
delivery of drugs.

A "primary target! as used in the present invention relates to a target fora
targeling agent for therapy. For example, a prinary farget can be any molecule, which is
present in an organisni, tissue or cell. Targets include cell surface targets, e.g. receptors,
glyeoproteing; stmictural proteins, e.g. amyloid plaques; abundant extracallular targets such
as stroma, extracellular matrix targets such as growth factors, and proteases; intracellular
targets, e.g. surfaces of Golgt bodies, surfaces of mitochondria, RNA, DNA, enzymes,
components of cell signaling pathways; and/or forcign bodies, e.g. pathogens such as viruses,
bacteria, fungl, yeast or parts thereof. Examples of primary targets include compounds such
as proteins of which the presence or expression level is correlated with a certain tissue or cell
type or of which the expression level is up regulated or down-regulated in a certain disorder.
According 1o a particular embodiment of the present invention, the primary target is a protein
such as a (internalizing or non~internalizing) receptor.

According to the present invention, the primary target can be selected from
any suitable targets within the human or animal body or on a pathogen or parasite, e.g. a
group comprising cells such as cell membranes and cell walls, receptors such as cell
membrane receptors, intracellular structures such as Golgt bodies or mitochondria, enzymes,
receptors, DNA, RNA, viruses or viral particles, antibodies, proteins, carbohydrates,
monesacharides, polysaccharides, evtokines, hormones, steroids, somatostatin receptor,
monoantine oxidase, muscarinic receptors, myocardial sympatic nerve system, leukotriens
receptors, e.g. on leukocytes, urokinase plasminogen activator receptor (uPARY, folate
receptor, apoplosis marker, (anti-)angiogenesis marker, gastrin receptor, dopaminergic
system, serotonergic system, GABAergic system, adrenergic system, cholinergic system,

opoid receptors, GPHb/Aa receptor and other thrombus related receptors, fibrin, calcitonin
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receptor, tuflsin receptor, integrin receptor, {ihronectin, VEGE/EGF and VEGF/EGF
receptors, TAG72, CEA, CD19, CD20,CD22, CDAY, CD45, CD74, CD79, CD105, CD138,
CD174, CD227, CD326, CD340, MUC1, MUC16, GPINMB, PSMA, Cripto, Tenascin C,
Melanocortin-1 receptor, CD44v6, G250, HLA DR, ED-B, TMEFF2 , EphB2, EphA2, FAP,
Mesothelin, GD2, CAIX, 5T4, matrix metalloproteinase (MMP), P/E/L-selectin receptor,
LIL recepior, P-glycoprotein, neurotensin receptors, nouropeptide reoeptors, substance P
recepiors, NK receptor, CCK receptors, sigma receptors, interfeukin receptors, herpes
simplex virus tyrosine kinase, human tyrosine kinase. Troorder to allow specific targeting of
the above-listed primary targets, the targeting agent T' can comprise compounds including
but not limited to antibodies, antibody fragments, e.g. Fab2, Fab, scFV, diabodies, triabodies,
VHHE, antibody (fragment} fusions (eg bi-specific and trispecific mAb fragments), proteins,
peptides, g.g. octreotide and derivatives, VIP, MSH, LHRH, chemotactic peptides, borabesin,
clastin, peptide mimetics, carbohydrates, monosacharides, polysaccharides, viruses, whole
cells, drugs, polymers, iposomes, chemotherapeutic agents, receptor agonists and
antagonists, eyvtokines, hormones, steroids. Examples of organic compounds envisaged
within the context of the present invention are, orare derived from, estrogens, e.g. estradiol,
androgens, progestins, corticosteroids, methotrexate, folic acid, and cholesterol. Ina
preferred embodiment, the targeting agent T' is an antibody. According to a particular
embodiment of the present invention, the primary target is a receptor and a targeting agent is
employed, which is capable of specific binding to the primary target. Suitable targeting
agents include but are not limited to, the ligand of such a receptor or a part thereof which still
binds to the receptor, e.g. a receptor binding peptide i the case of receptor hinding protein
ligands. Other examples of targeting agents of protein nature include interferons, e.g. alpha,
beta, and gamma interferon, interleukins, and protein growth factor, such as tumor growth
factor, e.g. alpha, beta tumor growth factor, platelet-derived growth factor (PDGF), uPAR
targeting protein, apolipoprotem, LDL, annexin V, endostatin, and angio statin. Alternative
exaniples of targeting agents include DNA, RNA, PNA and LNA which are e.g.
complementary to the primary target.

According to a further particular embodiment of the invention, the primary
target and targeting agent are selected so as to result in the specific or increased targeting of a
tissue or disease, such as cancer, an inflammation, an infection, a cardiovascular disease, ¢.g.
thrombus, atherosclerotic lesion, hypoxic site, e.g. stroke, tumor, cardiovascular disorder,
brain disorder, apoptosis, angiogenesis, an organ, and reporter gene/enzyme. This can be

achieved by selecting primary tasgets with tissue-, cell- or disease- specific expression. For
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example, membrane folic acid receptors mediate intracellular accumulation of folate and its
anglogs, sach as methotrexate. Fxpression is limited in normal tissues, but receptors are

overexpressed in various tumor cell types.

Masking Moieties

Masking moieties M™ can be a protein, peptide, polymer, polyethylene glycol,
carbohydrate, organic construct, that fucther shield the bound drug DY or Prodrug. This
shielding can be based on eg steric hindrance, but it can also be based on a non covalent
interaction with the drug D, Such masking moiety may also be used to affect the in vive

properties {eg blood clearance; recognition by the immunesystern) of the drug DY or Prodrug,

Spacers

Spacers §” include but are not Himited 1o polyethylene glycol (PEG) chains
varying {rom: 2 to 200, particularly 3 to 113 and preferably 5-50 repeating units. Other
exmmples are biopolvmer fragments, such as oligo- or polypeptides or polyvlactides. Further

preferred examples are shown in Example 13,

Administration

In the context of the invention, the Prodrug is usually administered first, and it
will take a certain time peried before the Prodrug has reached the Primary Target. This time
period may differ from one application to the other and may be minutes, davs or weeks. Alter
the time peried of choice has elapsed, the Activator 1s administered, will find and react with
the Prodrag and will thus activate Diag release at the Pritaty Target.

The compositions of the invention can be administered via different roates
including intravenous injection, intraperatonial, oral administration, rectal administration and
inhalation. Formulations suitable for these different types of administrations are known to the
skilled person. Prodrugs or Activators according to the invention can be adnunistered
together with a pharmaceutically acceptuble carrier, A suitable pharmaceutical carrier as used
herein relates to a carrier suitable for medical or veterinary purposes, not being toxic or
otherwise unacceptable. Such carriers are well known m the art and include saline, butfered
saline, dextrose, water, glycerol, ethanel, and combinations thereof. The formulation should

suit the mode of administration.
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It will be understoed that the chemical entities administered, viz. the prodrug
and the activator, can be in & modified form that does not alter the chemical functionality of
said chemical entity, such as salts, hydrates, or solvates thereof.

After administration of the Prodrag, and before the administration of the
Activator, it is preferred to remove excess Prodrug by means of a Clearing Agent in cases
when prodmg activation in circulation 1s undesired and when natural prodiug clearance is
insafficient. A Clearing Agent is an agent, compound, or meiety that is administered to a
subjgct for the purpose of binding to, or complexing with, an administered agent {in this case
the Prodrug) of which excess is 10 be removed from circulation. The Clearing Agent is
capable of being directed to removal from circulation. The latter is generally achieved
through liver receptor-based mechanisms, although other ways of secretion from circulation
cxist, as are known to the skilled person. In the invention, the Clearing Agent for removing
circulating Prodrog, preferably comprises a dicne moiety, ¢.g. as discussed above, capable of

reacting to the TCO moiety of the Prodrag.

EXAMPLES
The following examples demeonstrate the invention or aspects of the invention,

and do not serve to define or limit the scope of the invention or its claims,

Methods. "H-NMR and "C-NMR spectra were recorded on a Varian Mercury
(400 MHz for "H-NMR and 100 MHz for “C-NMR) spectrometer at 298 K. Chemical shifls
gre veported i ppm downfield from TMS at room temperatiire. Abbreviations used for
splitting patterns are $= singlet; t = wriplet, g = quartet, m = multiplet and br = broad. IR
spectra were recorded on a Perkin Elmer 1600 FT-IR (UATR). LC-MS was performed using
a Shimadzu LC-10.AD VP series HPLC coupled to a diode array detector (Finnigan Surveyor
PDA Plus detector, Thermo Electron Corporation) and an lon-Trap (LCQ Fleet, Thermo
Scientific). Analyses were performed using a Alltech Alltima HP Cyg 3y column using an
injection volume of 1-4 ul, a flow rate of 0.2 mL min™ and typically a gradient (3% to 100%
tn 10 mun, held at 100% for a further 3 min) of CH:CN in H30 (both containing 0.1% formic
acid} at 25 °C. Preparative RP-HPLC {CH;CN 7 Ha0 with 0.1% formic acid) was performed
using a Shimadzu SCL-L0A VI coupled to two Shimadzu LC-8A pumps and a Shimadzu
SPED-10AV VP UV-vis detector on a Phenomenex Gemini 53 Cyg L1OA column. Size
exclusion (SEC) HPLC was carried out on an Agilent 1200 system equipped with a Gabi

radivactive detector. The samples weve loaded on a Superdex-200 16/300 GL column (GE
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Healthcare Life Sciences) and eluted with 10 mM phosphate buffer, pI{ 7.4, at 0.35-0.5
mlL/min, The UV wavelength was preset at 260 and 280 nm. The concentration of antibody
solutions was determined with a NanoDrop 1000 spectrophotometer { Thermo Fisher
Scientific) from the absorbance at 322 nm and 280 nm, respectively.

Materials. All reagents, chemicals, materials and solvents were obtained from
commercial sources, and were used as received: Biosolve, Merck and Cambridge Isotope
Laboratories tor {deuterated) solvents; and Aldrich, Acros, ABCR, Merck and Fluka for
chemicals, materials and reagents. Al solvents were of AR quality, 4-(1-
Butyldimethylsilyloxymethy)-2,6-dimethylphenol was synthesized according to a literatare
procedure (Y. H. Choe, C. D. Conover, D. Wu, M. Royzen, Y. Gervacio, V. Borowski, M.
Mehlig, R. B. Greenwald, /. Controlled Release 2002, 79, $5-70}. Doxorubicine

hydrochloride was obtained from Avachem Seientific.

Example 1

Synthesis of tetrazine Activators
General procedures

Apart from the tetrazines described in detail below, a serics of other tetrazines
have been prepared. Pinner-type reactions have been used, where the appropriate nitriles have
been reacted with hydrazine to make the dihydro 1,2,4,5-tetrazine intermediates. Instead of
nitriles, amidines have also been used as reactauts, as is known in the art. The use of sulfar in
this reaction is also known, as in seme cases this aids the formation of the dihydro 1,2,4,5-
tetrazine. Oxidation of this intermediste results in the tetrazine diene Activators. The below
reactions describe some of the prepared tetrazines, and iflustrate some of the possibilities
{e.8. vse of solvent, concentrations, temperature, equivalents of reactants, options for
oxidation, ete.) to make and isolate tetrazines. Other methads knewn in the art may also he

used 1o prepare tetrazines or other Activators,
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Synthesis of 3,6-bis(2-pyridvi)-1,2,4, 5-tetrazine (2)

7Ty T

i !

i\/,g_N ﬂ‘\ /9N

/"\%§‘ aore PN NaNO Ea

2 () o NTNH O NaNOL ey
\L NgH H,O Mo NH ACOH N N
\N I\ i

f/)g\}*s BE

N

R \\‘/'
2-Cyanopyridine (10.00 g, 96.0 mmol) and hydrazine hydrate (15.1 g; 300

minol) were stirred overnight at 90 °C in an inert atmosphere. The turbid mixture was cooled

LA

to room temperature, filtered, and the residue was subsequently washed with water {20 mL)
and cthanol (20 mL}, and dried in vacuo to yield the crude dihydrotetrazine 1 as an orange
solid {7.35 g, 65%).

The dibydrotetrazine (1, 100 mg; 0.419 nyuol) was suspended in acetic acid (3
mly), and sodium nitrite (87 mg; 1.26 nunol) was added. An immediate color change from
10 orange to dark red was observed, and the oxidized product was isolated by filtration. The
residue was washed with water (10 mL) and dried in vacuo to vield the title compound as a
purple solid (2, 92 mg; 93%).

"H NMR (CDCh): 6 = 9.00 (d, 2H), 8.76 {d, 2H), 8.02 (¢, 2H), 7.60 (dd, 2H)
ppm. PC NMR (CDCli): 8 = 163.9, 151.1, 150.1, 137.5, 126.6, 124.5 ppm. HPLC-MS/PDA:

15 one peak in chromatogram, m/z = 237.00 (M+H"), A = 296 and 528 nm.
Synthests of 3-(5-acetamido-2-pyridyli-6-(2-pyridyl)-1,2,4, 5-tetrazine (5)
i i
by HT HNT
B »‘”& PN
& ) @
. ~_o N =N e N
TH’J \[/ N \?/
Ty P l /=\
7% 7N 90°C o A0 # NaNO P
T L TN L T Y
\f < NaHa HsO N UNH  THF, 85°C N NH ACOH NQI,N
S % ] )
N N N # TN [/" N
w3 wo ) 4 w8
20 2-Cyanopyridine (5.00 g, 48.0 mmol), 3-amino-2-cyanopyridine (5.72 &; 48.0

mmol) and hydrazine hydrate (15.1 g 300 mmol) were stirred overnight at 90 °C in an inert
atmosphere. The turbid mixture was cooled to room temperature, filtered, and the residue was

subsequently washed with water {20 mL) and ethanol (20 mL), and dried in vacuo. The
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orange solid was suspended in acetone (200 mL), impregnated onto silica gel (20 gram), and
chromatographed using a gradient (0% to 70%) of acetone and heptane, to yield
dibydrotetrazine 3 as an orange solid (1.46 g; 12% yield).

The dihydrotetrazine (3, 90 mg; 0.355 mmol) was dissolved in THF (1 ml),
and acetic anhydride {54.4 mg; 0.533 mmol) was added. The solution was heated to reflux in
an inert atmosphere tor 18 hr. The orange precipitate was isolated by filiration, and washed
with THE (3 mL) to give the acetamide of the dihydrotetrazine (4, 90 mg; 86% vield).

Acetamide 4 (50 mg, 0.169 mmol) was suspended in acetic acid (1 mkL), and
sodium nitrite (35 mg; 0.508 mmel) was added. An immediate color change from orange to
dark red was observed, and the oxidized product was isolated by filtration. The residue was
washed with water (5 ml) and dried in vacuo to yield the title compound as a puiple solid (5,
42 mg; 84%).

"HNMR (DMSQ-dg): § = 9.03 (d, 1H), 8.93 (d, 1H), 8.61 {dd, 2H), 8.42 (dd,
1H), 8.16 (dt, 1H), 7.73 (dd, 1H), 2.17 (s, 3H) ppm. “C NMR (DMSO-dg): 6 = 169.5, 163.0,
162.8, 150.6, 150.2, 143.8, 141.2, 1385, 137.8, 126.6, 126.1, 124.9, 124.2, 24.1 ppm. HPLC-
MS/PDA: one peak in chromatogram, m/z = 293.9 (M+H"), e = 323 and 529 nm.

Synthesis of 3-(2-pyridyli-6-methvi-1,2,4, S-tetrazine (7)

e S
S 2

1 Ty
Q\J«‘N {I\\é.N
NH NaHa, S NVLNH NaNO;, AcOH Nﬁ,LN
- A TRon . NeNH T N
" “NH, HCI EtOH N - THE s
& Y 7
CHE CH3

2~Cyanopyridine (500 mg, 4.8 munol), acetamidine hydrochloride (2.00 g, 21.2
mmol) and sulfur (155 mg, 4.8 mmol) were stirred in ethanol {5 mL) under an inert
atmosphere of argon. Hydrazine hydrate (2.76 g, 55.2 mmol) was added and the mixture was
stirred overnight at 20 °C. The turbid mixture was filtered and the filtrate was evaporated to
dryness, to vield 2.9 g oforange colored crude product 6.

Subsequently, 6 (800 mg) was suspended in a mixture of THF (3 mL) and
acetic acid (4 mL). A solution of NaNO; (2.0 g; 29.0 mmol) in water (3 mL) was added at
0°C. Instantaneous coloration to a red/purple suspension was observed. After 5 minutes of
stirring at §°C, chloroform and water were added. The purple chloroform layer was washed
twice with water and then concentrated. The solid residue was stirred tn a 111 mixture of

chioroform and hexane, and then filtered. The filtrate was concentrated and the crude product
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was purified by silica column chromatography applying chloroform/acétone mixtures as
eluent, yielding pure product (7, 48 mg, 21% yield overall, as calculated from 2-
cyanopyridine).

"H NMR (CDCL): 6 =896 (d, 1H), 8.65 (d, 1H), 7.99 (1, 1H), 7.56 (dd, 1H),
3.17 (s, 3H) ppr PC NMR (CDCLy): 6 = 168.1, 163.6, 150.9, 1503, 137.4, 1263, 123.9,
21.4 ppm. HPLC-MS/PDA: one peak in chromatogram, nvz = 174.3 (M+H+), Fiax = 274 and

524 nm.

Svnthesis of 3,6-bis(2-aminophenyli-1,2 4,5-tetrazine (9)

N \NHZ N \NHIZ
S NoHy, 3 - Oz 7
D o U
HNT N EoH seic Na NH EtOH, 50°C N
Sy HoN_ A HoN

# J 8 "‘I’/ \H 9
X,:, l \*\, ‘E

2-Amincbenzonitrile {1.00 g; 8.46 mmol) was dissolved in ethanol (3 mL) and
hydrazine hydrate (2.06 g; 41.2 mmol) was added. The mixtare was cooled to 0°C and sulfur
(0.17 g; 3.30 mumol} was added. Stirring was continued for 15 min, and subsequently the
mixture was heated at D0°C. After 3 hr, the yellow precipitate was isolated by filtration,
washed with ethanol (10 mL), and subsequently triturated twice with chloroform (2 times 10
mL), to yield the vellow intermediate 8 (343 mg, 30%).

Intermediate §- (105 mg; 0.394 mmol) was dissolved in ethanol {15 ml), and
oxygen was bubbled through this solution at 50°C. Within minutes, the color changed from
yellow to dark arange/red, and a precipitate was formed. After 2 hu, the precipitate was

filtered, washed with ethano! and dried to give the product 9 as dark red crystals (89 mg,

"H NMR (DMSO-dg): 6 = 8.39 (d, 2H), 7.32 (1, 2H), 7.04 (s, 4H), 6.93 (d, 2H),
6.75 {1, 2H} ppm. BeoNnMRr {DMSOude): §= 162.7, 149.6, 133.0, 1200, 117.1, 115.8, 111.6
ppm. HPLC-MS/PDA: one peak in chromatogram, nv/z = 265.4 (M+H7), Xy = 237, 203,
403 and 535 wm,

Synthesis of 3,6-bis(4-Fydroxyphenyl)-1,2,4, S-tetrazine (11)
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4-Hydroxybenzonitrile (1.06 g 8.90 mmol) was dissolved in hydrazine
hydrate (3.09 g; 61.7 mumol), and the mixture was heated to 90°C for 16 hr. The yellow
precipitate was filtered and washed with water (25 ml) and ethanot (10 mL), to yield crude
intermediate 10 as a yellow powder (870 mg; 62%).

The intermediate (10, 173 mg; 0.645 mmol) was suspended in ethanol (10
mL}, and oxygen was bubbled through this mixture at 50°C. Within minutes, the color
chianged from: yellow to dark orange/red. After 6 hr, the precipitate was filtered, washed with
ethanol and dried, to give the product 11 as dark red crystals {136 mg, 80%).

"H NMR (DMSO-dg): 6 = 10.35 (br. 5, 2H), .36 (d, 4H), 7.02 (d, 4H) ppm.
B3O NMR (DMSO-dg): 6 = 162.6, 161.5,129.2, 122.6, 116.3 ppm. HPLC-MS/PDA: one peak

i chromatogram, m/z = 267.1 {(MHH"), e = 233, 330 and 535 nm.

Synthesis of 3,6-bis(4-aminophenyli-1,2 4, 5-tetrazine (13)

H, N
oy, p ,/“\
[ P
NHZ e \:4'
e MHg S . 8, i~
() 22 Wm0y
S EOH, B0°T NN DMEGC, £0°C TN
N 1-:»-?)" ™ § 7y
4\\// ‘\\\/ g
MH, N,
12 13

4-Aminobenzonitrile (1.00 g; 8.46 mmotl) was dissolved in ethanol (3 mL),
and subsequently hydrazine hydrate (2.12 g; 42.2 mmol) and sulfur (0.176 2; 5.5 mmol) were
added. The mixture was heated at 90°C for 90 min, and the yellow precipitate was isolated by
filtration, washed with ethanol (10 mL), and subsequently triturated with acetone (12 mL) to

vield the yellow intermediate 12 (196 mg, 17%).
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lnterniediate 12 (50 mg; 0.188 mmol) was dissolved in DMSO (1 ml), and
oxygen was bubbled through this solution at 20°C. After 5 hr, the reaction mixture was
poured in brine (13 mL), and the red precipitate was filtered off, washed with water (10 mL),
and dried jn vacuo. The red powder was further purified by trituration with acetone (15 ml),
to yicld product 13 as a red solid (13.7 mg, 27%).

" NMR (DMSO-dg): =817 (d, 2H), 7.75 (&, 2H}, 6.02 (s, 4H) ppm, C
NMR (DMSO-dg): & = 1623, 152.8, 128.5, 118.3, 113.8 ppm. HPLC-MS/PDA: one peak in

chromatogram, m/z = 265.2 (MTHY), huax = 241, 370 and 530 nm.

Synthesis of 3.6-bis(3-aminophenyl)-1,2.4, 5~tetrazine (15)

{i/'—\\x)rf NH, . /\T NH;
KY{# "\T;f/
HAN RS /I\\ 7 .
i a°C o 2 PN
Y e, T RN
\\E;?’: N2H4 HQO N\‘,\ /NH EEOH, 50°C Nt\‘/N
L )
N T 14 [/ ] 15
AN N

3-Aminobenzonitrile (1.00 g; 8.460 mmol) was dissolved in hydrazine hydrate
(2.50 ml; 514 punol), and the mixture was heated 10 90°C for 3 days. Water {3 ml} wias
added, and the yellow precipitate was [iltered off and washed with water (15 mL) and ethanol
(10 mL). to yield the crude intermediate 14 as a orange powder (910 mg; §1%).

Intermediate 14 (50 mg; 0.188 mmaol) was suspended in ethanol {4 mL), and
oxygen was bubbled through tlus mixture at $0°C. Within minutes, the color changed from
yellow to red. After 16 hr, the precipitate was filtered off, and washed with ethanol, to give
the product 15 as a red powder (31 mg, 62%).

'H NMR (DMSO-dg): § = T7.77 (s, 2H), 7.66 (d, 2H), 7.30 (1, 2H), 6.85 (d, 2H),
5.53 (s, 4H) ppm. HPLC-MS/PDA.: one peak in chromatogram, m/z = 265,2 (M+H‘é'), Anax =
240, 296 and 527 nm,

Synthesis of 3, 6-bis{aminomethyl}-1,2.4, 5-tefrazine (20)
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Boc-amino acetonitrile {(1.00 g; 6.40 mmol) was dissolved in methanol (10
ml.) and sodian methoxide (0.145 mL 25% m MeOH; 0.64 mmol) was added. The mixture
was stirred at 20°C for 18 hr, and subsequently ammonium chioride (0.34 g; 6.40 mmeol) was
added, and the mixture was stirred at 20°C for 3 days. The solution was precipitated in
diethyl ether (40 mL), and the precipitate was collected by filtration, washed, and dried to
yield the amidine hydrochloride 17.

The amidine hydrochloride (17, 241 mg; 1.15 mmol) was dissolved in
hydrazine hydrate (3 mL; 61.9 munol}, and the solution was stirred at 20°C for 16 hr. Then it
was diluted with water (10 mL), and the precipitate was collected by eentrifugation, and
dried. The colorless solid was dissolved in acetic acid (1.5 mL) and sodium nitrite (28 mg;
0.4} mmol) was added. I'be pink mixture was stirred tor 15 min and subsequently chloroform
(15 mL) and saturated sodium bicarbonate (30 mL) were added. The organic layer was
isolated and washed with water (15 mL), dried over sodium sulfate, and evaporated to
dryness, to yield the Boe-protected tetrazine as a pink solid (19, 70 mg; 35%). This
compound (12 mg; 0.035 mmol) was dissolved in chloroform (1 mL), and TFA (1 mL) was
added. The mixture was stirred for 15 min, and the precipitated in diethyl ether (15 mL). The
pink precipitate was filtered off, washed, and dried to give the title compound as its TFA salt
(20, 10 mg, 78%).

H NMR (D20): 3= 5.06 (s, 4H) ppm. “C NMR (D,0): § = 164.5, 41.1 ppm.
HPLC-MS/PDA: one peak in chromatogram, m/z = 141 (M+H"), Agay = 267 and 517 nm.

Synthesis of 2,24, 2"-(10+(2-0x0-2(6-0x0-6-(6-(6-(pyridin-2-yi)-1, 2,4, 5-tetrazin-3-ypDpvridin-
J-ylaminojhexplamino)ethyl)-1,4.7, 1 -tetraazacyelododecane-1,4. T-triyltriacetic acid (27)
and 2,27 2"(10-(2-0x0-2~(1 1-0x0-1 I -(6-(6-(pyridin-2-vl)-1,2, 4 S-tetrazin-3-vpyridin-3-

saminojundecylaminojethyl)-1,4.7, 10-tetraazacyclododecane- 1,4, 7-trivljiviacetic acid (28)
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S-Amino-2-cyanopyridine 21 (1.02 g; .60 mmol), N-Boc-6-amino-hexanoic
acid 22 (0.99 g; 4.30 mmol), DCC (1.77 g 8.60 mmol), DMAP (1.05 g; 8.60 mmol), and
PPTS (0.37 g 1.47 numeol} were suspended mn chtoroform (15 ml). The mixiure was stirred at
room temperature for 18 hr, and then evaporated to dryness, and stirred in acetonitnle (20

mbL). The precipitate was removed by filtration, and the filtrate was evaporated to dryness,
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dissolved in chloroform (20 mL}), and washed with respectively aquetus citrie acid (15 ml
0.5 M), aqueous potassium hydrogencarbonate {15 mL, 1 M), and water (15 mL). The
organic phase was dried over sodium sulfate and evaporated to dryness. The crude product

was purified by column chromatography (silica, hexane/ethylacetate=1:1) to yield the

W

product 23 as a white solid (0.95 g; 61%).
MS (BSI, mz): Caled for Cy7HzsNGO: ((MHHT): 33319, Found: 333.17.

Tert-butyl 6-(6-cyanopyridin-3-ylaminc}-6-oxohexylearbamate 23 (0.70 g; 2.1
mmol}, 2-cyanopyridine (0.87 g; 8.4 mmol), hydrazine hydrate (1.25 g; 20 mmol) were
10 dissolved in ethanol (2 mL}, and sulfur (0.22 g, 7 mmol) was added. The mixtare was stitred
at 70°C under an inert atmosphere of argon for 2 hr, and then at 30°C for 16 hr. The orange
suspension was diluted with ehlorofomm (10 mL), and the resulting solution was washed with
water (2 times 15 mlL). The organic phase was dried over sodium solfate and evaporated to
dryness. The crude product was purified by column chromatography (silica,
15 chloroformy/acetone=4; 1) to vield the product 24 as an orange solid (0.65 2; 66%). MS {ESL
miz): Caled for CosHyNeOs™ ([MHHTY): 467.25, Found: 467.33.
Tert-butyl 6-0x0-6-(6-(6-(pyridin-2-¥1}-1,2-dihydro-1,2,4, 5-tetrazin-3-
yDpyridin-3-ylaminothexylcarbamate 24 (0.30 g; .64 mmol) was dissolved in THF (1.3
mL), and acetic acid (2 mL) was added. Sodium nitrite (0.25 g; 3.62 mmol) was dissolved in
20 water (1 mLYand added dropwise. The red solution was poured in agueous potassium
hydrogencarbonate (50 mL; | M), andd the product was extracted with chloroform (50 mL).
The organic layver was washed with water (50 mL), and dried over sodiom sulfate and
cvaporated to dryness, to yield the product 28 as a purple solid {0.25 g §3%).
MS (ESIL, m/z): Caled for CasHaoNeQs™ ([MF+HT): 465.23, Found: 465.42.

tert-Butyl 6-0x0-6-(60-(6-{pyridin-2-yl}-1,2 4,5 -tetvazin-3-ypyridin-3-
viamino) hexylcarbamate 23 (66 mg; 0.14 mmel} was disselved in chioroform {6 mL), and
TFA (6 mL) was added. The solution was stirred at room temperatare for 2 hr, and
subsequently evaporated to dryness, o yield the product 26 as its TFA salt (52 mig: 100%).

30 MS (ESI, swz): Caled for CigHy NOF ([M+H‘]+): 365.19, Found: 363.33.

6-Aroino-N-(6-(6-(pymidin-2-y1)-1,2,4,5-tetrazin-3-yhpyridin-3-yhhexanamide
2652 mg 0.14 mmwol) was dissolved in DMF (2.5 mL), and DIPEA was added (320 mg; 2.0

mmol). V-Hydroxysuccinimide activated DOTA (161 my: 0.2 mmol) was added, and the
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mixture was stirred at room temperature for 5 . The solution was evaporated to dryness,
and the crude product was dissolved in a mixture of acetonitrile and water, and purified by
preparative RP-HPLC. After fyophilisation the pure product 27 was obtained as a pink fluffy
solid (80 mg, 76% vield).

"H-NMR (30% acetonitrile-ds in Da0): 6 = 8.90 (m, 2H, Artf), 8.68 (d, 1H,
ArH), 8.60 (dd, 1H, ArH), 831 (m, 1H, ArvH), 824 (1, {1, Ar/D), 7.82 (¢, 1H, Arf), 3.80 (br
s, 6H, NCH,COOH), 3.72 (br s, 2H, NCH,;CONH}, 3.34-3.23 (br m, 18H, NCILCIALN,
CHNHCO), 2.49 (1, 2H, NHCOCH,), 1.70 (m, 2H, NHCOCHCH:), 1.59 (m, 2H,
CHLCH,NHCO), 1.41 (m, 2H, CILCH,CHNHCO) ppm. PC-NMR (30% acetonitrile~ds in
D,0): 6=175.5, 171.5 (br), 162.6, 162.5, 150.1, 148.1, 142.9, 141.6, 139.6, 138.4, 128.0,
127.9,125.4, 124.8, 55.4, 54.3 (br), 49.4 (br}, 39.4, 36.5, 28.2, 25.9, 24.6 ppm. ESI-MS: m/z
for CaHaNpOg™ ([MHH] ™Y 751.37; Obs. [MAH]™ 751.38, [M+Na]" 773.50, [M+2H}"
376.42, [M+3HT 25133, FT-IR (ATR): v = 3263, 3094, 2041, 2862, 1667, 1637, 1582,
1540, 1460, 1431, 1395, 1324, 12596, 1272, 1251, 1226, 1198, 1128, 1087, 1060, 1020, 992,
977, 920, 860, 831, 798, 782, 742, 718, 679, 663 em’’.

For 28, a procedure was used comparable to the described synthesis of 2,2°,2"-
{10-(2-0x0-2-(6-0x0-6-(0-{6-(pyridin-2-yi)}- 1,2 4,5-tetrazin-3-yDpyridin-3-ylamino)
hexylaminoyethyly-1,4,7, 10-tetraazacyclododecane- 1,4, 7-tivhitriacetic acid 27).

After yophilisation the pure product 28 was obtained as a pink (uffy solid (90
my, 78% vield).

THENMR (DMSO-dg): 6 = 10.65 (s, LH, NH), 9.06 (4, 1H, ArH), 893 (d, 1H,
ArH), 8.61 (t. 2H, ArH), 8.44 (dd, 1H, ArA), 8.16 (¢, 21, AxZZ, NI, 7.73 (dd, TH, AcH), 3.51
(brs, 6H, NCH-COOH), 3.28 (br s, 2H, NCH.CONH), 3.06 (g, 2H, CILNHCQO), 3.34-3.23
(br m, 16H, NCH,CH;N), 243 (1, 2H, NHCOCH), 1,64 (m, 2H, NHCOCHCH;), 1.42 (m,
2H, CHLCHNHCO), 1.38-1.22 (m, 12H, C&5L) ppm. PC-NMR (DMSO-dg): 6 = 173.0, 171.0
(br), 169.1 (br), 163.5, 163.2, 151.0, 150.6, 144.2, 141.7, 139.1, 138.2, 127.0, 126.5, 125.3,
124.0, 57.3 (br}, §5.2 (br), §0.7, 39.0, 36.8, 29.5, 29 4, 29.3, 20.19, 20.17, 29,1, 26.9, 25.3
ppm. BSLIMS: m/z Caled for CaoHaNpOg™ ([AF+H]T): 821.44; Obs. [M+Na]" 843.58,
[M+H]" 821.58, [M+2HT" 41142, [M+3H]" 274.67. FT-IR (ATR): v = 3261, 3067, 2925,
2851, 1633, 1583, 1541, 1458, 1433, 1394, 1324, 1298, 1270, 1249, 1228, 1200, 1145, 1128,
1088, 1059, 1016, 991, 920, 885, 860, §32, 798, 782, 764, 742, 719, 687, 661 cmr’*.

DOTA-teirazine gotivator 29
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The tetrazine 29 above has been described in detail in Robillard et al,, Angew.
Chem., 2010, 122, 3447-3450. Tt also serves as an example a structure that can be used as an
Activator according to this invention. The amide function on one of the 2-pyridyl groups of
the 1,2.4,5-tetrazine moiety is an electron donating group, while both pyridine groups can be
viewed as electron withdrawing. The tetrazine can therefore be seen as slightly electron
deficient,

Activator 29 displays suitable and favorable pharmacological properties: 29 is
rather stable in BS solution with little degradation within 2 hr and most of the material still
intact after overnight incubation; it has a 19 min blood clearance half-life in mice; its partial
volume of distribution (V4) in mice corresponds to the total extracellular water compartment,
as it does not significantly enter cells. Activator 29 contains a DOTA ligand, and such
lizands are instrumental in a variety of imaging modalities (e.g. MRE, SPECT).
Consequently, Activator 29 is not only suitable for drug release, but it can simultancously be
used for imaging purposes. In fact, Activator 29 has been employed as a SPECT/CT imaging
probe after complexation with "™ See Robillard et al., Angew. Chem,, 2010, 122,.3447-
3450 for further details.

Note that the amino-1,2,4,5-tetrazine moieties comprised in activators 27 — 29
can be used for conjugation to a range additional functional groups such as sugars, PEG,
polymers, peptides (such as RGD or ¢-RGD), proteins, fluorescent molecules or dye

molecules,

Example 2

Synthesis of {(E)-cyclooctene model prodrugs and prodrugs

Synthesis of (E)-cyclooct-2-enol (31), (E)-cyelooct-2-en-1-vl benzyvlcarbamate (32), and (F)-

eyclooct-2-en-1-vl (3, 3-dimethylphenvlicarbamate (33,
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Synthesis of (Fy-cyclooct-2-enol (31)

31

A solution of (£)-cyclooct-2-enol 30 (2.36 g, 14.0 mmol) and methyl benzoate
(L8 mL, 1.94 g, 14.3 nunol, 1.0 eq) in diethyl cther / heptanes 12 2 (500 mL) was irradiated
for 32 hr, while it was continuously lead through a column filled with silica / silver nitrate 10
1 (41 g, silica (0.5 cm) and sand (0.5 cm). The column was placed in the dark during the
irradiation. The column was etuted with dichioromethane (250 mL) to give unreacted starting
material. The silica was stirred with dichloromethane / 12.5 % aqueous ammonia 1 ; 1 (3 x
100 mL). The combined organic layers were dried over sodinm sulfate, filtered and
evaporated in vacuo to give crude product 31 as a grey oil. The oil was purified by column
chromatography (silica, cluens pentane / diethyl ether 10 % to 50 %} to give {F)-cyclooct-2-
enol 31 {major isomer, second fraction, 440 myg, 3.49 mmol, 24.9 %) as a colorless oif and
{(E}-cyclooct-2-enol 31 (minor isomer, first fraction, 325 myg, 2.58 mmol, 18.4%) as a
coloriess ofl. The major diastereoisomer is tdentical to the (LRS,2RS)-trans-cvelooct-2-en-1 -
ol prepared via a different route by G.H. Whitham, M. Wright, J. Chem. Soc. (C) 1971, 883.
The minor diastereoisomer is identical 1o the (1SR, 2RS)-trans-cyclooct-2-en- 1-0l prepared
via a dilferent route by G.H. Whitham, M. Wright, J. Chem. Soc. (T) 1971, 886. Minor
isomer: "H-NMR (CDCl;, 300 MHz) 6 = 0.71-0.82 (m, 1H}, 1.05-1.17 {m, FH), 1.43-1,72 (m,
4H), 1.80-2.09 {m, 4H), 2.45-2.52 (m, 1), 4.61 {s, 1H), 5.54-5.61 (m, 1H), 5.90-6.00 (m,
111) ppm. PC-NMR (CDCls, 75 MHz) 6 = 23.35, 29.42, 36.08, 36.27, 43 .40, 71.40, 130.78,
135.39 ppm, Major isomer: 'H-NMR (CDCls, 300 MHz) 6 = 0.64-0.90 {m, 2H}, 1.31-1.51
(m, 2H}, 1.66-1.95 (mn, 4H), 2.06-2.14 (m, 1H), 2.22.2.37 (m, TH), 2.78 (br, 1H), 4.15-4.23
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(m, 1H), 5.45-5.65 (m, 2H) ppm. "C-NMR (CDCls, 75 MHz) = 27.83, 29.28, 30.52, 35.58,
36.08, 44.48, 131.86, 136.00 ppm.

Note: Reference is made to Whitham etal J. Chem. Soc. (C), 1971, 883-894,
describing the synthesis and characterization of the equatorial and axial isomers of trawns-
cyclo-oct-2-en-ol, identified as {1RS, 2RS) and (1SR, 2RS), respectively. In these isomers
the OH substituent is either in the equatorial or axtal position. The above mentioned major
and minor isomer refer respectively to the equatorial and axial isomer, Throughout the
following examples major/equatorial and minor/axial are used interchangeably for frams-
cyclo-oct-2-en-ol derivatives, and this characterization is based on the aforementioned

characterization of the parent compound frans-cyelo-oct-2-en-ol.
Synthests of (El-cyclooct-2-en-1-3l benzvlcarbamate (major isomerk (32)

To a solution of (£)-cyclooct-2-cnol 31 (major isomer 100 mg, 0.792 mmol) in
dichloromethane (6 mL) were added benzyl iscovanate (1031 uL, 110 me, 0.826 mmol, 1.04
eq) and a drop of triethylamine. The flask was covered with aluminum foil and the solution
was stirred under a nitrogen atmosphere at room temperature overmight. Evaporation of the
reaction mixture gave mainly starting material. Benzyl isocyanate (200 ul, 220 mg, 1.65
mmol, 2.08 eq) and a drop of tricthylamine in dichloromethane (6 mL) were added and the
solution was stirred overnight at room temperature, at 50 °C for { hr and at 25 - 30 °C over
the weekend. The volatiles were removed by bulb-to-bulb distillation (50 °C, 2 hr). The
residue was purified by column chromatography to give carbamate 32 (101 mg, 0.389 mmol,
49 2 %) as 4 white sehid,

'"H-NMR (CDCl;, 300 MHz) d = 0.81-0.86 (m, 2H), 1.35-1.55 (m, 2H), 1.82-
1.99 (m, 410, 2.21-2.30 (m, 111, 2.38-2.47 (m, 1H), 4.36 (d, 5.8 Hz, 2H), 4.96 {br, 1H), 5.08-
5.20 (m, 1H), 5.48-5.57 (m, 1H), 5.71-5.82 (m, 1H), 7.26-7.36 (M, 5H) ppm. “C-NMR
(CDCls, 75 MHz) 0 = 27.69, 29.25, 35.068, 35.76, 35.83, 41.32, 44,33, 78.33, 100.02, 127.65,
12778, 128,86, 132.03, 13331, 138.88 ppm.

Swithesis of (E)-cyclooct-2-en-1-vl benzvicairbamate {minor isomer) {32).
To a solution of (&)-cyclooct-2-enol 31 {minor isomer 100 mg, 0,792 nunsl)

in dichloromethane (6 mL.) were added benzyl isoeyanate (101 pl, 110 myg, 0.826 mmol,

1.04 eq) and a drop of tiethylamine, The flask was covered with afuminum foil and the
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solution was stirred under a nitrogen stmosphere at room temperature overnight, Evaporation
of the reaction mixture gave mainly starting material, Benzyl isocyanate (200 uL, 220 mg,
165 mmwl, 2.08 eq) and a drop of triethylamine in dichloromethane (6 mL) were added and
the solution was stirred overnight at room temperature, at 50 °C for | hr and at 25 - 30 °C
over the weekend. The volatiles were removed by bulb-to-bulb distiliation (50 °C, 2 hr). The
restdue was purified by column chromatography to give carbamate 32 (43 mg, 0.166 mmol,
20.9 %) as a white selid,

'H-NMR (CDCls, 300 MHz) & = 0.74-0.93 (m, 2H), 1.01-1.14 (m, 1H), 141~
37 (my, 1H), 1.62-1.76, 2H), 1.84-2.12 (m, 3H),2.46-2.49 (m, [H), 4.40 {d, T = 6.0 Hz, 2H),
5.05 {br, IH), 5.40 (s, 1H}, 5.52-5.59 (m, 1H}), 5.79-5.89 (m, 1H), 7.31-7.36 {m, SH) ppm.
BC-NMR (CDCLy, 75 MHz) 6 = 24,34, 29.33, 36.13, 36.20, 40.97,45.30, 74,33, 127.67,
127.85, 128.87, 13£.72, 131.99, 138.87, 156.11 ppm.

Sypnthesis of (E)-cyclooct-2-en-1-yl (3, 5-dimethyviphenvl)carbamate {major isomer) (33).

To asolution of (£)-cyclooct-2-enol 31 {(major isomer 260 mg, 2.06 mmol) in
dichloromethane (12 mL) were added 3,5-dimethylphenyl isocyanate (305 ul, 318 mg, 2.16
mmol, 1.05 eq) in dichloromethane (3 mL) and a few drops of tricthylamine. The flask was
covered with aluminum foil and the solution was stisred under a nitrogen atmasphere at 29
°C for 4 nights. Evaporation of the reaction mixture gave 0.57 g off-white solid. The residue
was purified by column chromatography (silica, 30 mL eluens ethy! acetate / heptanes § to 10
%) to give partially purified carbamate 33 (94 mg). The product was further purified by
column chromatography (sitica, 30 mL eluens ethyl acctate / heptanes 5 %) to give carbamate
33 (72 mg, 0.263 mmel, 12.8 % yield, contains ca 10 % Z-isomer) as a white solid.

'H-NMR (CDCls, 300 MHz) 8 = 0.79-0.98 (m, 2H), 1.28-2.02 (m, 411), 1.80-
2.07 (m, 3H), 2.30 (s, 6H), 2.42-2.50 (m, 1H), 5.13-5.22 (m, 1H}), 5.55-5.87 {m, 2H), 6.49
(br, 1H), 6,71 (s, 1H), 7.04 (s, 2H) ppm. “C-NMR (CDCls, 78 MHz) & = 21.61, 27.67, 29.24,
35.70,35.84,41.21, 79.34, 116.59, 125.22, 131.83, 133,51, 138,11, 138.50, 153.43 ppmv.

Swvnthesis of (E)-cyclooci-2-en-1-yI (3, S-dimethyiphenvljcarbamate (minor isomer) (33)
To a solution of {(£)-cyclocct-2-enel 31 (minor isomer, containg alse Z isomer,

260 mg, 2.06 mmol) in dichloromethane (12 mL) were added 3,5-dimethylphenyl isocyanate

(305 uL, 318 mg, 2.16 mmol, 1.05 eq) i dichloromethane (3 mL) and a fow drops of
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tricthylamine. The flask wag covered with aluminum foil and the solution wag stirved under a
nitrogen atmasphere at 30 °C for 2 nights and at 50 °C overnight. Evaporation of the reaction
mixture gave 0.54 ¢ yellow solid. The residue was purified by column chromatography
(silica, 40 mL eluens ethyl acetate / heptanes 5 %) to give partially purified carbamate 33 (20
nmg). The prodact was further purified in vacuo (0.08 mbar) at 40 °C for 3 hr and at room
temperature overnight to give carbamate 33 (11 mg, 0.040 mmol, 2.0 %) as a hight yellow
semi-golid.,

PH-NMR (CDCls, 300 MHz) 6 = 0.78-0.90 (m, 1H), 1.07-2.18 (m, 8H), 2.30
(s, 6H), 2.45-2.53 {m, 1H), 5.42 (s, TH), 5.56-5.62 (m, 11}, 5.83-5.94 (m, [H), 6.60 (s, 1H),
6.71 (s, TH), 7.03 (s, 2H) ppm. “C-NMR (CDCls, 75 MHz) § = 21,64, 24.42, 29.43, 36.77,
40.19, 74,46, 116.47, 118.77, 125.35, 131.34, 132.31, 138.00, 138.91 ppim,

Synthesis of (Ej-cyclooct-2-en-1-yl (d-nitrophenyl) carbonate (34)

0 T NOy
oH o'j\g—fk\@ff}
== Y _;j&
Cﬁ —
31 34

A solution of minor (£)-cyclooet-2-enol 31 (304 mg, 2.41 munel) in 158 mL
dichloromethane was cooled in ice. 4-( N,N-Dimethylamino)pyridine (1.16 g, 9.50 mmol)
was added, followed by 4-nitrophenylchloroformate (0.90 g, 4.46 nunol). The solution was
stirred overnight, then poured on a 20 g silica column. Elation was performed with
dichloromethane, then with dichloromethane containing 5% TBME. The preduct fractions
were combined and rotary evaporated to yield minor-34 as a solidifying oil (338 mg, [.16
mmol, 48%).

In a sinular fashion, from major (E)-cyclooct-2-enol 31 (259 mg, 2.06 mmol)
i 0 mb dichloromethane, with 4-( N,N-dimethylamino)pyridine (L.11 g, 9.09 mmol) and 4-
nitrophenylehloroformate (0.85 g, 4.22 mmeold), the major-34 was obtained as a solidifying oil
{234 mg, 0.80 mmol, 39%).

"H-NMR of minor 34(CDCLEY 3= 009 (m, 1H), 1.25{m, 1H), 1.5-2.2 {m,
6H), 2.25 (dd, 1H), 2.6 (m, 1H), 5.45 (s, 1H), 5.6 (dd, 1H), 6.0 (m, 1H), 7.4 (d, 2H), 8.3 (d,
2H) ppm. PC-NMR (CDCL): 6 = 24.0, 20.0, 36.0, 36.0, 40.6 (all CHa), 79.0, 122.0, 125.8,
129.8, 133.2 (all CH), 1454, 151.8, 156.0 {C and C=0) ppr.
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"HANMR of major 34 (CDCl): 6 = 0.8 - 1.0 (m, 2H), 1.4~ 2.1 (m, 6H), 2.35
(m, TH), 2.45 (m, LE), 5.2 (m, 1H), 5.65 (m, 1H), 5.85 (m, 1H), 7.4 (d, 2H), £.3 (d, 2H) ppm.
BENMR (CDCLY: 6= 27.8, 29.0, 35.8, 36.0, 40.4 (all CHy), 83.0, 121.8, 125.0, 130.4, 134.4
(all CH}, 145.8, 152.0, 156.0 (C and C=0) ppm.

Svuthesis of (Ei-cyvelooct-2-en-1-vi (d-(hydiroxymethyDphemylDearbamate (35)
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34 38

The PNP-dervative 34 derived from the minor aleohol 31 (136 mg, 0.467
mmol} was dissolved in 7.5 g THF. Diisopropylethylamine (182 mg, 1.41 mumol) was added,
followed hy I-hydroxybenzotriazole (24 mg, 0.178 munol} and 4-aminobenzylaleohol (94
mg, .76 mmol). The mixture was stirred in the dark at ca. 30°C for 6 days. The solvent was
removed by rotary evaporation and the residue was chromatographed on 20 g silica, asing
dichloromethane with gradually increasing amounts of TBME as the eluent. The product
cluted with ca. 5% TBME. Rotavy evaporation of the product fractions left the product
minor-35 as-a viseous oil (112 mg, 0.407 mmol, §7%).

In a simular fashion, the PNP-derivative 34 derived from the major aleohol 31
(145 mg, 0.498 mmol) in 6.0 g THF, was reacted with diisopropylethylamine (210 mg, 1.63
mmol), b-hydroxybenzotriazede (34 mg, .251 mmol) and 4-aminobenzylalechol (128 mg,
1.04 mmol) for 3 days at ca. 30°C. Rotary eviaporation and chromatography wielded the
product major-38 as a viscous oil (110 mg, 0.40 mmol, 80%).

Y NMR of minor-38 (CDClay: &= 0.8 (m, 1H), 1.1 {m, 1D, 1.45(m, {H), {.6
—-2.2 (m, 6H), 2.4 (m, 1H), 4.6 (s, 2H), 5.4 (s, 1H), 53.35 (dd, 1H), 5.85 {m, 1H), 7.15 (bs,
1H), 7.2 -7.4 (AB, 4H) ppm. "C-NMR (CDClL): =242, 29.0, 36.0, 36.0, 41.0, 65.0 (all
CHy), 75.0, 119.0, 128.0, 131.0, 132.6 (all CH), 1360, 138.0, 153.6 (C and C=Q) ppm.

"H-NMR of the major-35 (CDCLY: 6 = 0.8 = 1.0 (my, 2H), 1.4~ 2.1 (m, 6H),
2.3 (m, TH), 2.45 (m, 1H) 4.65 (s, 2H), 5.2 {m, 1H), 5.6 (m, TH), 5.8 (m, 1H), 6.6 (bs, 1H)},
745 - 7.65 (AB, 4H) ppm. PC-NMR (CDCl): 6 =27.4, 292, 35.8, 36.0, 41.2, 65.0 (all
CHz), 79.8, 119.0, 128.2, 132.0, 134.0 (all CH), 136.0, 137.8, 153.6 {C and C=0) ppm.
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Synthesis of minor (E)}-ethyl 2-(4-(({cyelooet-2-en-1-vioxyicarbanyllamine)phenyl)-2-((((2.5-

dioxopyrrolidin-1vDoxvicarbonyl)oxyacetate (37)

cojet CO,E
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The PNP-derivative 34 derived from the minor aleohol 31 (300 mg, 1.03
ymmol) was dissolved in 10.3 g THF. Diisopropylethylamine (362 mg, 2.80 mmol) was
added, followed by [-hydroxybenzotriazole (75 mg, 0.556 mmol) and ethyl 2-(4-
aminophenyl)-2-hydroxyacetate (325 mg, 1.67 mmol, prepared as described in WO
2009109998}, The mixture was stirred in the dark at ca. 30°C for 6 days. The solvent was
removed by rotary evaporation and the residue was chromatographed on 21 g silica, using
dichloromethane with gradually increasing amounts of TBME as the eluent. The product
cluted with ca. 5% TBME. Rotary evaporation of the product fractions afforded minor (£)-
ethyl 2-(4-({(cyclonet-2-en-1-yloxy)carbonylamino )phenyl)-2-hydroxyacetate (36) as a
viseons oil (350 mg, 1.01 mmol, 99%).

"HANMR (CDCh): 6 = 008 (m, 1H), 1.1 (m, H), 1.2 (1. 3H), 1.4 2.2 (m, TH),
25 {m, tH), 4.1 4.3 (2q, 2H), 5.1 {5, 1H), 5.45 (s, 1H), 5.55 {dd, 1H), 5.85 (m, 111), 6.7 (bs,
1H), 7.3 -7.45 (AB, 4H) ppm.

The product 36 obtained above (80 mg, 0.23 mmol) was dissolved in 4.1 g
acetonitrile. Diisopropylethylamine (215 mg, 1.67 munof) was added. followed by NN’-
disuccinimidyl carbonate (217 mg, 0.85 numol). The solution was stirved for 2 days at ca.
30°C. The solvent was removed by rotary evaporation and the residue was chromatographed
on 16 g silica, using dichloromethane with gradually increasing amounts of TBME as the
cluent, The product eluted with ca. 20% TBME. Rotary evaporation of the product fractions
afforded the product minor-(E}-cthyl 2-(4-({{cyclooct-2-en-1~yloxy)carbonylamino)phenyl)-
2-{{({2,5-dioxopyrrolidin-1-yl)oxy)carbonyljoxy)acelate (37) as a viscous oil (60 mg, 0.123
mmet, 53%).

TH-NMR (CDCLY: 8 = 0.8 (m, 1H), 1.1 (my, FH) 1.2 (¢4 3H), 14— 2.2 (m, 7H),
2.5 (m, tH), 2.6 (s, 4H), 4.15—4.3 (2q, 2H), 5.4 (s, 1H), 5.55 (dd, 1H), 5.8 (s) and 5.85 (1)

i3

2H), 6.7 (bs, 1H), 7.35 -7.5 (AB, 4H) ppm.
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Synthesis of (F)-cycloociene doxorubicin prodrug (38)
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The PNP-derivative 34 derived from the minor aleohol 31 (20 mg, 0.0687

mmol) was dissolved in 3.0 g DMF. Diisopropylethylamine (80 mg, 0.62 mmol} was added,

followed by doxorubicin hydrochloride {45 mg, 0.0776 mmol). The mixture was stirred in the
dark at ca. 30°C for 3 days. The solvent was removed under high vacoum and the residue was

chromatographed on 17 g silica, using dichloromethane with gradually increasing amounts of

o
T

20

[
h

methanol as the eluent. Rotary evaporation of the product fractions left a residue which was
stirred with .5 mlL TBME. After addition of 15 m1 heptane and filtration minor-38 was
obtained (27 mg, 0.039 numol, 50%). The filtrate contained an additional amount of product.

In a similar fashion, from the PNP-derivative 34 derived from the major
alcohol 31 (22 mg, 0.0756 mmol) in 7.2 g DMF, after reaction with diisopropylethylamine
(80 mg, 0.62 mmol) and doxorubicin hydrochloride (47.7 mg, 0.0822 mmoD), followed by
removal of the solveni under high vacuum, chromatography and TBME / heptane treatment
major-38 was obtained (21 mg, 0.030 mmol, 30%). The filtrate contained an additional
amout of product.

"H-NMR of minor-38 (CDCly): = 0.7~ 2.0 {myand 135 (D (18H), 2.2 (m,
ZH}, 2.4 (m, 2H), 3.0 - 3.4 (dd, 2H), 3.65 (s, 1H), 3.9 (m, 1H), 4.1 (s + m, 4H), 4.8 (s, 1H),
3.05 (m, 1H), .2~ 5.85(m, 2H), 7.4 (d, 1H), 7.8 (t, 11D, 8.05 (d, [H) ppm.

'"H-NMR of major-38 (CDCly): 0= 0.7 - 2.0 {m) and 1.35 (d) (181), 2.2 {m,
2H), 2.4 (m, 2H), 3.0 - 3.4 (dd, 2H), 3.65 (s, 1H), 3.9 (m, LH), 4.1 (s + m, 4H), 4.8 (s, 1H),
5.0 (my, TH), 5.3~ 5.8 (m, ZH), 7.4 (d, 1H), 7.8 (1, 1K), 8.05 (d, 1H) ppm. MS: 694.3 {M-1).

Svathesis of (E)-cyclooctene-doxorubicin prodrug 46



19

b2
the

CA 02836338 2013-11-15

WO 2012/156918 PCT/IB2012/052445
86

T 0 =0 == o =0 {‘o‘ -
(_j e ( S e \_/ji\/cozsz " /_\}49 B o {i]tf

~

39 40 41 a2 43
G
[a] i
i1 ¢ e (™
o ) I H%)\
/3 f X . ;.\\[r . ‘]l,.«\\ A E
 — = N M —_— (Q/}fv,s -------------- - b A
- - Y
<“*’ v\':?’ > N S oo /a(\ or\;g 8,0
44 45 L r
Sy e
N
e
D S
N N
a \‘C‘O,E’t

n-Butyllithtum (97 mL, 2.5 N in hexanes, (1.242 mol) was added to
diisepropylamine (23.00 g, (.234 mol) in 100 mL THF at temiperatures below -20°C. The
solution was cooled and cyclooct-2-enone (39, 23.07 g, 0.185 mol), dissolved in 60 mEL THF,
was added over a 20 min period at -65 to -80°C. The solution was then stirred for | hr at -67
to ~72°C. Ethyl bromoacetate (45.4 g, 0.272 mol), dissolved i A0 m1. THF, was added over a
25 min period at -63 to -75°C. The resulting mixture was stirred for 3 hr at -53 1o -70°C.
Heptane (50 mL) was added at -60°C, followed by the addition ol a solution of 40 g
ammonium chloride in 100 mL water {with cooling), allowing the temperature to rise from -
70°C to -30°C. The cooling-bath was removed and the mixture was stirred for an additional
30 min, whereby the temperature raised to -1 5°C. The mixture was poured in 200 mL. TBME
and 50 mL water, the layers were separated and the organic layer was washed with 50 mL
water. The successive aqueous layers were extracted with 250 mL TBME. The organic layers
were dried and rotary evaporated. The excess of ethyl bromoacetate was removed under high
vacuum by warming in a Kugelrohr apparatus. The residue comprising (Z)-ethyl 2-(2-
oxocyelooct-3-en-1-yl)acetate {40) was used as such in the next step,

'H-NMR (CDCE): 6 = 1.25 (1, 3H), 1.4 2.6 (m, 9H), 2.9 (24, 1H), 3.55 (m,
1H), 4.15 (g, 2H), 6.05~ 6.5 {m, 2H) ppm.

A solution of the crude ester 40 i a mixture of 180 mL THF and 20 mL
methanol was cooled in ice. Phosphotungstic acid (250 mg) was added, followed by the
portion-wise addition of sodium borohydride (4.0 g, 0.105 niol) over a 30 min period, at
temperatures below 7°C, The mixhire was stitred for 90 min in ice, then 258 mL water and
250 mL toluene were added. The layers were separated and the organic layer was washed
with 30 mb water. The successive agueous layers were extracted with 250 mL toluene. The

organic layers were dried and rotary evaporated. Crude 41 did not produce well-defined
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fractions, therefore all material was combined and hydrolyzed by refluxing for 2 hr with 25
ml S0% sodiom hydroxide solation in 200 mL ethanal (another 25 mlL water being added
during the process). Most of the ethanol was removed by rotary evaporation. Some water was
added to the residue. The mixture was extracted with 2 x 200 mL toluene. The organic layers
were washed with 50 mL water. Toluene (200 mL) was added to the combined aqueous
layers, which were acidified with concentrated hydrochloric acid, The layers were separated
and the organic layer was washed with 20 ml water. The successive aqueous layers were
extracted with 200 mL toluene. The 2 organic layers were dried and rotaty evaporated.
Kugelrohr distillation yielded the lactone 42 as a mixture of 2 isomers in a ca. 2:1 ratio (7.33
2, 44.1 munol, 24% based on cyclooct-2-gnone}.

"H-NMR (CDClLy): 6= 1.2~ 2.6 (m, 10H), 2.6-2.8 (m, 1H), 4.95 (m, 0.35 H),
5.35 (m, 0.65H), 5.6 (m, TH), 5.85 (m, 1H) ppm. *C-NMR (CDClLy): § = 24.1, 25.2, 27.0,
28.0,20.2,29.6, 34.4, 36.8 (all CHy), 43.5,47.2, 80.8, 81.9 (all CH), 126.4, 129.6, 130.2,
134.2 (alb CH), 176.4 (C=0), 177.0 {C=0} ppm.

The lactone 42 obtained above (7.33 g, 44.1 mumol) was mixed with [0.0 g
methyl benzoate and ca. 500 mL heptane / ether (ca. 4:1). The mixture was irradiated for 36
hr while the solution was continuously flushed through a 69 g silver nitrate impregnated
silica column (containing ca. 6.9 g silver nitrate). The column material was then fushed with
250 mL portions of heptane/TBME in the ratios 3:1, 2:1, 1:1, 1:2 and then with 400 mL
TBME. The first two fraction contained only methyl benzoate. The last 3 fractions were
washed with 200 mL 10% ammonis, dried and rotary evaporated. After removal of sitost of
the methyl benzoate under hugh vacuum, the combined residue weighed 300 mg (2 mixture of
the Z and E isaomer, as well as methyi benzoate), The remaining column material was stirred
with TBME and ammonia, then filtered and the layers were separated. The solid was treated
twice more with the agueous layer and TBME, then filtered and the layers were separated.
The organic layers were dried and rotary evaporated to yield 3.70 g of 43 as a ca. 4:1 mixture
of isomers, each isomer probably consisting of 2 E-isomers (22.29 mmol, 51%).

'HANMR (CDCL): 6 = 0.8 - 2.75 (n, 10.6H), 3.0 (s, 0.4H), 4.45 (i, 0.2H), 5.0
(m, O.8H), 5.6 (dd, 0.5H), 5.65 (m, 0.5H), 5.8 (m, 0.5H), 6.05 {m, 0.5H) ppm.

The recovered major isomer (see experiment below) has the following data:

1H), 5.6 (dd, 0.8H), 5.65 (m, 0.3H), 5.8 (m, 0.3H), 6.05 (m, 0.6H) ppm.
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PCNMR (CDCLy): 8 = 21.6, 25.8, 30.0, 30.4, 33.0, 34.8, 35.4, 36.0, 38.0 (all
CHz), 46 .0, 47.0, 80.8, 84 .0 (all CH), 128.2, 131.4, 133.0, 134.0 (all CH), 177.2 (C=0,
177.4 {C=0} ppm. The ratio of the signals indicates a ca. 2:1 isomer ratio,

Diisopropylethylamine (5.91 g, 45.8 mimol) was added to a solution ol the
lactone 43 {865 mg, 5.21 mmol} in 15 mL dichloromethane, followed by the addition of beta-
alaning ethyl ester hydrochloride (1.38 g, 8.98 mmol). The mixture was stirred for 16 days at
roon temperature, then rotary evaporated at 55°C. The residue was chromatographed on 50 ¢
silica using dichloromethane as the eluent. This vielded the starting lactone 43 (the major E-
isomer, which by C-NMR appeared to be a mixture of 2 isomers). Further elution with
dichloromethane containing mereasing amounts of methanol gave the amide 44. The product
was taken up in 75 mL TBME and washed with 5 g citric acid in 25 ml, water and with 2 x
10 mL water. The successive aqueous layers were extracted with 50 mL TBME. The
combined organic layers were dred and rotary evaporated to vield anide 44 (360 me, 127
mmol, 24%); consisting of a mixture of tsomenrs.

"H-NMR (CDCLY: 6 = 0.8 - 2.7 (m). 1.25 (1), 2.45 () (16H), 3.5 (q, 2H), 3.9
(t, 0.53H), 4.15 (g, 2H), 4.35 {m, 0.5H), 5.5 ~ 5.9 (m, 2H), 6.2 - 6.5 (2 bt, 1H) ppm.

BEONMR (CDCL) (signals of a fraction which was much erriched in 1 set of
isomers): ¢ = 14.3 (CH3), 22.4, 27.8, 29.9, 33.0, 34.0, 34.1, 34.2, 34.5, 353, 35.3,35.5, 35.7,
36.1,36.2,41.7 (all CHy), 46.2 (CH), 51.6 {CH), 60.9 (CH,). 77.1,80.2, 131.2, 131.7, 134.2,
135.6 (all CH), 172.7, 173.9, 175.1 (all C=0) ppm.

The amide 44 (115 mg, 0.406 mmol, mainly | set of isomers) was dissolved in
4.4 g acetonitrile. Diisopropyiethylamine (370 mg, 2.87 nunol) was added, followed by
NN -disuccinimidyl carbonate (355 mg, .38 mmol). The solution was stirred for 2 days at
ca. 30°C. The solvent was removed by rotary evaporation and the residue was
chromatographed on 16 g silica, using dichloromethane with gradually increasing amounts of
TBME as the eluent. The product eluted with ca. 20% TBME. Rotary evaporation of the
product fractions afforded the NHS carbouate 45 as a viscous oil (150 mg, 0.353 mumol,
87%).

TH-NMR (CDClLy): 6= 0.8 — 2.6 (m), 1.25 (1), 2.55 () (16H), 2.85 (g, 4H). 3.5
{q. 2H), 4.15 (q, 2H), 4.95 (1, 0.8H), 52 (dd, 0.2H), 5.55 — 6.0 (m; 2H), 6.4 (bt, 1H) ppm.

The NHS-carbonate 45 obtained above {150 mg, 0.353 mmol) was dissolved
in 7.36 g DMF. Ditsopropylethylamine (132 myg, 1.02 mmol) was added, followed by

doxorubicin hydrochloride (66 mg, 0.114 mmol). The mixture was stirved in the dark at room
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temperature for 3 days. The solvent was removed under high vacuum and the residuc was
chromatographed on 13 g silica, using dichloromethane with gradually increasing amounts of
methanol as the eluent. Rotary evaporation of the product fractions afforded 112 mg of
prodrug 46.

PH-NMR (CDCH, only relevant signals given): d = 1.25 (1), 3.2 (m), 3.5 (m),
4.05 (), 415 (q), 4.8 (8), 5.2 - 5.8 (m), 6.15 (m), 6.25 (m), 7.4 (dy, 7.8 (1), 8.0 (d) ppm.

Optionally prodrug 46 may be conjugated to an antibody by converting the
ester functionality to a carboxylic acid, which may then be converted into an NHS ester for

lysine conjugation.

Svnthesis of minor-(f)-cyclooci-2-en-1-y1 (2, S-dioxopyrrolidin-1-p0) carbonate (47)
Q,
P
?\H OJKD—-'LQ

31 47

NN’ -disucemimidyl carbonate (372 mg, 1.45 mmol) is added to a stirved
mixture of minor alcohol 31 (77 mg, 0.61 mmol), 3.33 g acctonitrile and
diisopropylethylamine (410 mg, 3.18 mmol). The mixture was stitred at 25°C for 3d, adding
an additional 120 mg NN -disuccinimidy! carbonate after 2 days, The solution was
chromatographed on 15 g silica using dichloromethane and then dichloromethane containing
a small amount TBME as the eluent. The product [ractions were rotary evaporated to vield
the product 47 as a solid (62 mg, 0.23 mmol, 38%).

'HNMR {CDCly): 6 = 0.8 (m, 1H}, 1.15 (m, 1H). 145 ~2.15 (m, 6H), 2.2 (dd,
1H), 2.55 {m, TH), 2.8 (5, 4H), 5.4 (s, IH), 5.5(d, 111}, 6.0 {m, 1H) ppm.

Example 3
Stability and reactivity of tetrazine Activators
Hydrolviic stabiliy tesis of tefrazines

10 pk of a solution of the specific tetrazine in DMSO (25 mM) was diluted

with PBS buffer {3 mL) (or a mixture of PBS and acetonitrile in case the agueous solubility
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was too low). This solution was filtered and, the decrease of the absorption band at 525 nm
was monitored using UV spectroscopy. The rate of hydrodysis and half-life time was

determined from these data.

Reactivity of tetrazines lowards trans-cyclooct-4-ene-1-ol {axial isomer)

A competition experiment was performied to determine the reactivity ratio of a
specific tetrazine and 3~(5-acetamido-2-pyridyl-6-(2-pyridyly- 1,2 4, 5~tetrazine (5) (that was
chosen as the reference tefrazine), in the inverse-electron demand Diels-Alder reaction with
trans-cyclooct-4-ene-1-0l ("minor” isomer with OH in axial position, see: Whitham ez al. J.
Chem. Soc. (C), 1971, 883-896)).

To acetonitride {0,100 ml) was added 5 uL of a solution of the specific
tetrazine in DMSO (25 mM) and 5 pL of a sclution of the reference tetrazine in DMSQ (25
mdl}. This mixhure was diluted with water (0.9 ml.), and the absolute amounts of both
tetrazines was determined by HPLC-MS/PDA analysis. Subsequently, a solution of #rans-
cyclooct-d-ene-1-0] (axial isomer) in DMSQ (25 ul 2.5 mM) was stowly added, and the
mixture was stirred for § min. Again, the absohute amounts of both tetrazines was determined
by HPLC-MS/PDA analysis, and conversions for both tetrazines was calculated. From these
conversions, the reactivity ratio (R=ky seo/ka geg) of both tetrazines was caleulated using the
mathematical procedure from Ingold and Shaw (/. Chem, Soc., 1927, 2918-2926).

The table below demonstrates how the reactivity and stability profile of

tetrazines can be tailored to certain specifications by varying the substituents.

tetrazine stabilify in PBS at | Reactivily ratio
2000 {(R=Ka,77/K2 rer)
ty2 (hy)
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* This value was determined in a 50:50 mixture of PBS and acetonitrile.
Example 4
Stability and reactivity of trans-cyclooctene model prodrugs and prodrugs

Stability

{0 pL of a solution of the specific frans-cyclooctene derivative in dioxane (25
mM) wag dituted with PBS buffer (3 mL), and this solution was stored at 20°C in the dark.
The fate of the TCO compound wag monitored by HELC-MS analysis, and an estimation of

the half-life ttime was made.

Reactivity of trans-cyclooctene derivatives toweards bis(2-pyridyvli-1,2,4, 3-tetrazine: second-
O}"(]('f}" rete Constant tit?f E!'l'?’ii f‘iﬁf i(})’?
The kinetics of the inverse-electron demand Diels-Alder reaction of a trans-

cyclooctene derivative with 3-(S-acetamido-2-pyridyD-6-(2-pyridy()-1,2.4, 5-tetrazine (5),
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performed in acetonitrile at 20°C, was determined using UV-visible spectroscopy. A cuvette
was filled with acetonitrile (3 mL) and equilibrated at 20°C. 3-(5-Acetamido-2-pyridyl)-6-{2-
pyridyl)-1,2,4,5-tetrazine (5, 2.50x 107 mol) was added, followed by the trans-cycloociene
derivative (2.50x 107 mol). The decay of the absorption at A=540 mm was monitored, and
from this curve the second-order rate constant, ky, was deterntined assuming second order

rate kinetics.

Reactivigy of trans-cyclooctene derivalives towards bis(2-pyridyi)-1,2, 4, 5-tetrazine:
competitfon experiment

A corapetition experiment was performed to determine the reactivity ratio of a
specific frans-cyclooctene derivative and rrans-cyclooct-4-ene-1-ol (axial isomer) (that was
chosen as the reference rrems-cyclooctene), in the inverse-electron demand Diels-Alder
reaction with bis(2-pynidyl)-1,2.4,5-tetrazine (2).

To acetonitrile (0.05 mL)} was added a solution of the specific srans-
cyclooctene derivative in dioxane {5 pul. 25 mM; 1.25x 107 mol) and a solution of the
reference trans-cyclooctene in dioxane (5 pL 25 mM; 1.25x107 mol). This mixture was
diluted with water (0.45 mL). Subsequently, a solution of bis(2-pyridyl)-1,2,4,5-tetrazine (2,
6.25x 10 mol) in a mixture of acetonitrile (0.05 mL) and water (0.45 mL) was slowly added
while stirting vigorously. After addition, the mixture was stirred for an additional 5 min. The
conversion of both irgns-cyclooctene derivatives was determined by HPLC-MS/PDA
analysis, and from these conversions, the reactivity ratio (R=ky rco/ka per) of the specific
trans-cyclooctene derivative was caleulated using the mathematical procedure from Ingold

and Shaw (/. Chem. Soc., 1927, 2918-2925).

stability in PBS | rate contant™ | reactivity ratio**
trans-cyclooctene derivative at 20°C, ty; ks (M 57) Rk rco/kape
el
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minor isomer >3 days 577 i
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Example 5

Activation of model prodrugs
The example demonstrates the Inverse Electron Demand Diels-Alder reaction
of 1,2,4,5-tetrazines and a model trans-cyclooctend prodrug, and subsequent climination of

the mode! drug (¢.g. benzylamine).

General procedure:
3,6-Bis(2-pyridinvi)-1, 2,4, 5-tetrazine (2} and minor-(E)-cyclpoct-2-en-1-vl benzylcarbamate

(32)
A
" (') - -
S P e
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NN S - j/ \
M \\‘; N Bn'NH,, N \l s \\N‘/; N\\E/ .
(/A‘ N ooy, 5'/"; \T?J /,,,L N
A oA .
3,6-Bis(2-pyridinyl)-1,2,4,5-tetrazine (2, 5.91x107 g; 2.5%107 mol) was

dissolved in 0.2 mL. acetonitrile, and minor-{£}-cyelooct-2-cn-I-yl benzylcarbamate (32, the
isomer with the carbamate in the axial position; 6.48x 107 : 2.50x 107 mol) was added. Afier
5 min, the reaction mixture was diluted with water (0.8 mL} and stirred at 20°C for 24 hr.
HPLC-MS analysis of the mixture proved the formation of the elimination product {the DA
adduct without the aminobenzyl carbamate) with m/z =+ 317 Da (M+H™"), and release of

benzylamine (m/z = +108 Da: M+H").

O-Methy!-3-(4-Dutanamido-2-pyridinyl)-1,2.4, 3-tetrazine and minor-(E)-cvclooct-2-en-1-y1

benzvicarbamate (32)
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According to above general procedure, both title compounds were reacted and
analysis by HPLC-MS demonstrated the formation of the elimination product with m/z = +

339 Da (M+H"), and release of benzylamine {m/z = +108 Da: M+,

6-Fhenyl-3-(4-aminophenylj-1,2 4. 5-tetrazine and minor~(Ej-cyclooet-2-en-1-p

benzylearbamate (32)

A
y
HN . «
N o =Q — Y e
. A
SN
)
L

Aceording to above general procedure, both title compounds were reacted and
analysis by HPLC-MS demonstrated the formation of the elimination product with m/z = +

330 Da (M+H"), and release of benzylamine (m/z = +108 Da: M+HY.

b-FPhenyl-3-(3-aminophenyl)-1,2,4, 5-tetrazine and minor-(E)~cyclooct-2-en-1-yl

bengylearbamate (32)

HzN\H,«\\. HaNL
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According to above general procedure, both title compounds were reacted and
analysis by HPLC-MS demonstrated the formation of the elimination product with m/z =+

330 Da (M+H"), and release of benzylamine {m/z = +108 Da: M+H").

6-H-3-(4-Aminomethylphenyi)-1,2,4, 3-tetrazine and minor-(E}-cvclooci-2-en-i -yl

benzylcarbamate (32)
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According to above general procedure, both title compounds were reacted and
analysis by HPLC-MS demonstrated the formation of the elimination product with m/z =+

268 Da (M+H"), and release of benzylamine (m/z = +108 Da: M+HY.

3,6-Diphenyl-1,2,4, 3-ietrazine and minor-(E)-cyelooct-2-en-1 -yl benzvicarbamate {32)
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According to above general procedure, both title compounds were reacted and
analysis by HPLC-MS demonstrated the formation of the ¢limination product with m/z = +
315 Da (M+H"), and release of benzylamine (m/z = +108 Da: M+H".

3.6-Bis{ 2~aminophenyl}-1.2,4. 5-tetvazine (%) and minor-(E}-cyclooct-2-en- 11

benzvlcarbamate (32)
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3.6-Bis(2-aminophenyl)-1,2,4, 5-tetrazine (3.34 mg: 1.26x107° mol) was
dissolved in 0.5 mL DMSQ-dq, and minor-{ F)-cyclooct-2-en-F-yl benzylcarbamate (32; 3.28
mg; 1.26x107° mol) was added. After 5 min, the reaction mixture was diluted with D0 (0.2
ml} and stirred at 20°C for 24 hr. "H-NMR of the reaction mixture indicated the formation of
benzylamine: o = 3.86 ppra (s, 2H, PhCH,NH7). HPLC-MS analysis of this mixture
demonstrated the formation of the elimination product ({,=53.45 min: m/z = + 345 Da

(M+H"), and release of benzylamine: (t=0.88 min: m/z = +108 Da: (M+H™).
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3, 6-Bistd-hydroxyphenyl)-1,2,4, 5-tetrasine (11) and minor-{E)-cyclooct-2-g- -yl

benzvlcarbamate {32)

Ot OH A OH
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3,6-Bis(4-hydroxyphenyl)-1,2,4,5-tetrazine (11, 6.65x 10 g; 2.50x] o7 mof)
was dissolved in 0.5 mlL acetonitrile, and minor-(£)-cyclooet-2-en-1-yl benzylcarbamate (32;
6.48x107° g; 2.50x 107 mol) was added. After 2 min, the reaction mixture was difuted with
water (0.5 mL) and stirred at 20°C for § hr, HPL.C-MS analysis of the mixture demonstrated
the formation of the elimination product with m/z = + 347 Da (M+H"). and release of

benzylamine: m/z = +108 Da (M+H").

3,6-Bis(2-aminophenyl}-1,2,4, 3-tetrazine (9) and minor-(£)}-cyclooct-2-en-1-1 (3,5-

dimethyiphenyl)carbamate (33)
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3,6-Bis(2-aminophenyl)-1,2,4,5-tetrazine (9, 6.60x 107 g; 2.50x 107 mol) was
dissolved in acetonitrile (0.3 mL) and this mixture was diluted with PBS buffer (0.7 mL).
Next, minor-(£}-cyclooct-2-en-1-yl (3,5-dimethylphenyl)carbamate (33, the isomer with the
carbamate in the axial position; 6.84x107 g; 2.50x107 mol} way added. The solution was
stirred at 20°C tor 20 by HPLC-MS analysis of the mixture demonstrated the formation of
the elimination product with m/z = + 345 Da (M+H"), and release of 3,5-dimethylaniline: m/z

=+122 Da (M+H").



CA 02836338 2013-11-15

WO 2012/156918 PCT/IB2012/052445
929

3,6-Bis(4-hydroxyphenyl)-1,2 4 S-tetrazine (11) and minor-(E}-cyelooct-2-on-1-yf (3,3-

dimethylphenylcarbamate (33)

\\
P
OH % 7 Cl)l
/‘V
B'\ HIN o
e O/’ ,
G <
— Y o o)
t N, A e {
NZ T Nanenr 4 COQ \r.
)7))\‘
()
1 i
5 OH CH oH

3,6-Bis(4-hydroxyphenyi)-1,2,4.5-tetrazine (11, 6.65x 107 g 2.50x1¢7 mol]
was dissolved in acetonitrile (0.2 mL) and this mixture was difuted with PRS buller (0.8 mL).
Next, minor-(E}-cyclooet-2-en-1-yl (3,5-dimethylphenyl)carbamate (33; 6.84x10° g
2.50x107 mol) was added. The solution was stirred at 20°C for 20 hr. HPLC-MS analysis of
18 the mixture demonstrated the formation of the elimination product with m/z = + 347 Da

(M+H"), and release of 3,5-dimethylaniline: m/z = +122 Da (M+H").

3.6-Diphenyl-1,2.4, 5-tetrazine and minor-(E}-cvelooct-2-en-1-yi (3, 5-dimethylphenyl)

carbameats (33)
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3,6-Diphenyl-1,2,4,5-tetrazine (5.85x107 g 2.50x107 mol) was dissolved in
acetonitrile (0.3 mL) and this mixture was diluted with PBS buffer (0.7 mL). Next, minor-
(E)-cyclooot-2-en-1-y1 (3,5-dimethylphenyl)carbamate (33; 6.84x10™ g; 2.50x 107 mol) was
20 added. The solution was stirred at 20°C for 20 hr. HPLC-MS analysis of the mixtare proved
the formation of the elimination product with m/z =+ 315 Da (M+H"), and release of 3,5-

dimethylaniline: m/z = +122 Da (M+H").
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3-(2-Pyridyl)-6-methyi-1,2,4, 5-tetrazine (7) and minor-(E)-cyelooct-2-¢n-1-y1 (3,5-

dimethyiphenyl) carbamate (33)
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3-(2-Pyridyl)-6-methyl-1,2,4, S-tetrazine (7, 4.33%107 g 2.50x 107 mol) was
dissolved in PBS buffer (1 ml.). Next, minor-(£)-cyclooet-2-en-1-y1 (3,5-
dimethylphenylcarbamate (33; 6.84x 107 g; 2.50x 107 mol) was added. The solution was
stirred at 20°C for 20 hr, HPLC-MS analysis of the mixture demonstrated the formation of
the elimination product with m/z = -+ 254 Da (M+H"), and release of 3,5-dimethylaniline: m/z

=+122 Da (M+HY.

Example 6

Activation of doxorubicin prodrugs

3-(2-Pyridyl}-6-meihyl-1,2,4, 5-tetrazine (7) and minor-(Ej-cyclooct-2-en-1-vl doxorubicin

carbarmate (38)
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3-(2-Pyridyl)-6-methyl-1,2,4,5-tetrazine (7, 4.33x10° g 2.50%10°° mol) was
dissolved in PBS buffer (I mL) (¢ = 25 uM). Next, minor-(£)-cyclooct-2-en-1 -yl doxorubicin
carbamate (38, the isomer with the carbamate in the axial position; 1.74x 10 g 2.50x10°

mol} was added. The solution was stirred at 20°C for 4 he. HPLC-MS analysis of the mixture



(¥

~
]
bt

CA 02836338 2013-11-15

WO 2012/156918 PCT/IB2012/052445

101

demonstrated the formation of the elimination product with m/z = + 254 Da (M+H"), and
release of doxorubicin (69% yield): m/z = +544 Da (M+H") and hp.=478 nm. Comparable

results were obtained at.concentrations of 2.5 and 1,0 gM.

3-(2-Pyridvl)~G-methyi-1, 2 4, S-tetrazine (7} and major-(E)-cyclooet-2-en- 1yl doxorubicin

carbamate (38}

3-(2-PyridyD)-6-methyl-1,2 4, 5-tetrazine {7, 4.33x10° g, 2.50x I mol} was
dissolved in PBS butfer (1 mL) (¢ = 2§ uM). Next, major-(£)-cyelooct-2-en-1 -yl doxorubicin
carhamate {38, the isomer with the carbamate in the equaterial position; 1.74x107 2
2.50% 107 mol) was added. The solution was stirred at 20°C for 16 hr. HPLC-MS analysis of
the mixture showed a conversion of the DYA-reaction of 40%, and demonstrated the formation
of the climination product with m/z = + 254 Da (M +H"), and release of doxorubicin (20%

yield): m/z = +544 Da (MHH ") and Ap,,=478 nm.

3,6-Rist2-aminophenyi}-1, 2,4, 5-tetrazine (%) and minor-(E)-cvclooct-2-en-1-¥l doxorubicin

carbamate (38)
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3,6-Bis(2-aminophenyl)-1,2 4, 5-tetrazine (9, 2.64x10°° g 1.00x10°® mol) was
dissolved in acetonitrile (0.1 ml). This mixture was dilated with PRS buffer (0.9 mL). Next,
minor-(E)-cyclooct-2-en-1-yl doxorubicin carbamate (38; 6.96x10° g; 1.00x10° mol) was
added. The solution was stirred at 20°C for 18 hr. HPLC-MS analysis of the mixture
demonstrated the formation of the elimination product with m/z = + 345 Da (M+H"), and

release of doxorubicin (90% yieldy: m/z = +544 Da (M+H") and Apee=478 nm.
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Example 7

Cell proliferation assay with doxorubicin prodrug minor-38 and tetrazine 7

A431 squamous carcinoma cells were maintained in a humidified CO; (5%)
incubator at 37 °Cin DMEM (Invitrogen) supplemented with 10% heat-inactivated fetal
bovine serum and 0.05% glutamax (Invitrogen) in the presence of penicillin and
streptomiycin. The cells were plated in 90-well plates (Nunc) at a 2500 celis/well density 24
hr prior to the experimuent. Doxorubicin (Dox} and the prodrug minor-38 (1 mM in DMSO)
and the tetrazine 7 (10 mM in PBS) were serially diluted in pre-warmed culture medium
mmiediately before the experiment and added to the wells (200 ul final volume per well).
The prodrug was etther added alone or in combination with 10 xM or 1.5 mol eq. tetrazine 7
(with respect to the prodrug). Afler 72 hr incubation at 37 °C, cell proliferation was assessed
by an MTT assay. Briefly, methylthiazolyldiphenyltetrazolium bromide (MTT) was
dissolved in PBS at 5 mg/m), filtered through 0.22 um and 25 pl was added to each well.
After 120 ymun incubation at 37 °C, the medium was gently aspirated. The formed formazan
crystals were dissolved in 100 pl DMSO and the absorbance wus measured with a plate
reader (BMG Labtech) at 560 nm. ICs; values (£ standard error; see Table) were derived
from the normalized cell growth curves (see Figure) generated with GraphPad Prism (version
5.01). The cell proliferation assay shows that, while tetrazine 7 is non-toxic (ICsq > 100 M)
and the prodrug 38 is slightly toxic (ICso = 3.017 £ 0.486 M), the combination of these two
components resulis in higher toxicity on A431 ¢ells (0,137 £ 0.012 M and 0.278 £ 4.022
1M ICsp when using serial dilutions or a constant amount of tetrazine 7, respectively). This
confirms that doxorubicin is released following the retro Diels-Alder reaction between the

trans~cyclooctene of the prodrug and the tetrazine.

LCsy values for doxorubicin (Dox), prodrug 38 with and without aciivation by tetrazine 7, and

tetrazine 7 glone, determined in 4431 cell line

Compound ICsy (M)
Dox 0020 = 0.002
Prodrug 38 3017 £ 0486

0.137 £ 0.012
eq.)
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Prodrug 38 +tetrazine 7 (10
0.278 £.0.022
uM)
Tewazine 7 > 100

5 See also Figure 1.

Example 8

Antibody masking by modification with (E)-cyclooct-2-en-1-yl NHS carbonate 47, and

10  subsequent antibody activation by reaction with tetrazine Activator
Antibody conjugation with minoe- (Ej-cyclovet-2-en-1-vE NHS carbonate 47
A solutien of CC49 (8 mg/mL, 62.5 (L) in PBS was added with 6.2 pI. DMF

15 and the pH was adjusted to 9 with | M sodiuin carbonate buffer. Stubsequently, minor-(E)-

cyclooct-2-en-1-yl NHS carbonate 47 freshly dissolved in dry DMF was added (5 pg/pL, 40

CA 2836338 2019-10-18
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mol eq. with respect to CC4Y9) and the resulting solution was Ihcubated for 3 hr af room
temperature, under gentle shaking and in the dark. After incubation the reaction mixture was
diluted to 500 pL with PBS and unreacted 47 was eliminated by means of a Zeba desalting
spin column (40 kDa MW cut-off, Picrce) pre-equilibrated with PBS, The concentration of
the obtained mAb solution was measured by UV-Vis (Nanodrop) and the purity and integrity
of the product were assessed by SDS-PAGE. The conjugation vield was determined with a
tetrazine titration. The DOTA-tetrazine derivative 29 was radiolabeled with carrier-added

77 Lu as previously described (Rossin et al., Angew Chem Ini Ed, 2010, 49, 3375-3378). The
TCO-modified mAb (25 pg) was reacted with a known excess of | Lu-DOT A-tetrazine in
PBS (50 pL). After 10 min incubation at 37 °C, the reaction mix was added with non-
reducing sample buffer and analyzed by SDS-PAGE, After gel electrophoresis, the
radioactivity distribution in each lane was assessed with phosphor imager. The reaction
yields between ' Lu-DOTA-tetrazine and the CC49-TCO construct was estimated from the
intensity of the radioactive mAb band with respect to the fotal radicactivity in the lane. With
this procedure an average of 20 TCO moicties per CC49 molecule was found (50%

conjugation yield).
CCH9 and CC49-TCOMET7) radiclabeling

The unmodified CC49 was radiolabeled with ' with the Bolton-Hunter
procedure according to the manufacturer instruction. Briefly, ca, 40 MBq sodium [ 1Jiodide
was diluted with 50 pl. PBS and added with 1 pL. Bolton-Hunter reagent (SHPP, Pierce)
solution in DMSO (0.1 pg/pl) and 25 pl. chloramine-T (Sigma-Aldvich) solution in PBS (4
mg/mL). The solution was mixed for 10-20 sec, then 5 ul. DMF and 100 gl toluene were
added. After vortexing, the organic phase containing “*I-SHPP was transferred into a glasa
vial and dried at room temperature under a gentle strcam of No. 30 ug CC49 in PBS (50 pl)
were then added to the " 1-SHPP coated glass vial and the pH was adjusted to 9 with TM
sodium carbonate buffer pH 9.6, The vial was incubated at room temperature under gentle
agitation for ca. 60 min then the "“I-mAb labeling vield was evaluated with radio-ITLC
{47%). The crude '**1-mAb was purified through Zeba Desalting spin columns (40 kDa MW
cut-off, Pierce} pre-equilibrated with saline solution and the radiochemical purity of the
obtained “*l-labeled (49 was greater than 98%, as determined by radio-ITLC and radio-

HPLC.
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The CC49 carrying 20 TCO(47) moictics per molecules was reacted with
DOTA-tetrazine 29 (1 mol eq. with respect to mAh) which was previously radiolabeled with
non-carrier-added ' Lu as described (Rossin et al., Angew Chem Int Ed, 2010, 49, 3375-
3378). Afier 10 min incubation 91% radiochemical purity for the ' Lu-labeled CC49-

TCOAT) by radio-HPLC and the reaction mixture was used without further purification.
Antibody activation experimenis

In this example we show that by over-modifying CCO4% with TCO 47 we can
significantly reduce the ability of the mAb to bind is target and that by reacting the over-
modified CC49-TCO construct with tetrazine 7 the target binding capability is restored. The
mAb re-activation upon reaction with the tetrazine indicates TCO release following the
clectronic cascade mediated elimination mechanism,

The capallity of CC49 constructs to bind their target was evaluated by using
an immunoreactivity assay modified from a previously described method (Lewis et al,,
Bioconjug Chem, 20006, 17, 485-492). Briefly, the radiolabeled mAb constructs (I pg) were
reacted with a 20-fold molar excess of bovine submaxillary mucin type I-8 (BSM; Sigma-
Aldrich) in 1% BSA solution (100 uL.). After 10 nun incubation at 37 °C the mistures were
analyzed by radio-HPLC using a Superdex-200 column (GE Healthcare Biosciences) eluted
with PBS at 0.35 mE/min. In these conditions non-TCO-modified '"“1-CC49 eluted from the
colmn in a broad peak with a 39 min retention time (Figure 1-A). As expected, after
incubation with BSM the '] activity eluted from the columm in a peak corresponding toa
higher MW species (25 min retention time), confirming the hinding of "**1-CC49 to BSM
(100% mmnanoreactivity; Figure 1-B).

When the 7 Lu-labeled C.C49 carrying 20 TCO 47 moieties per molecule was
analyzed by radio-HPLC, the mAb eluted from the column in two broad unresolved peaks
with 31 min and 36 min retention times, accounting for 43% and 57% of the total mAb-
related activity, respectively (Figure 2-A), This behavior suggests over-modification of CC49
with TCO groups. In fact, the change of MW after conjugation is refatively small and not
likely to cause a 3 min change in retention time (from 39 to 36 min) between CC49 and
CC49-TCQ. Therefore, the shorter retention in the column is more likely due to
conformational changes caused by the 20 TCO moieties attached to the mAb. Adso, the broad
peak eluting from the columi at 31 min is a sign of mAb aggregation. As & consequence,

after incubating the ! Lu-labeled CC49-TCO with BSM, only a small amount (ca. 20% of
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"a activity was associated with a high MW species in the radio-chromatogram

the total) of
{Figure 2-B). The ca. 20% residual immunoreactivity confitms that the over-modified CC49-
TCO(47) has lost its target binding capability.
Subsequently, the Y ulabeled CCA49-TCO(47) was reacted with z large
5 excessof tetrazine 7 (500-fold molar excess with respect to TCO) ih PBS at 37 °C. At
various time points (1hr, 4hr and 24 hr) an aliquot of the reaction mixiure {containing 1 ug
mAb) was withdrawn, incubated with BSM and analyzed by radio-HPLC. As shortas | hr
after addition of tetrazine 7, the radio-chromatogram showed the disappearance of the
radivactive pesk attributed to CC49-TCO aggregates, a significant reduction of the pesk at 36
10 min and the formation of an intense peak due to the formation of a '"Lu-CC49-TCO-BSM
adduct (R, = 24 min; 72% of the total mAb-refated activity; Figure 2-C).
A further slight increase in peak area was observed with time (76% after. 24 hr

incubation of CC49-TCO with tetrazine 7). The rapid increase in CC49 immunoreactivity

CA 2836338 2019-10-18
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following retro Diels-Alder cycloaddition between TCO 47 and tetrazine 7 is indicative of

TCO release as a result-of the electronic cascade mediated eliniination mechanism,

See also Figures 2 and 3.

CA 2836338 2019-10-18
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Example 9. Triggers that effect drug release through intramolecular reaction between a
nucleophile and an electrophile that are both present on the dienophile frans-

cyclooclene

The feature that enables the selective activation of these aliernative prodrug
systems (with respect to the aforementioned cychzation and cascade elimination
mechanisms) is the change in nature of the eight membered ring of the TCO in the dienophile
reactant as compared to that of the eight membered ving in the tDA adduct. The eight
membered ring in the rDA adduct has significantly more conformational freedom and has a
significantly different conformation as compared to the eight membered ring ju the highly
strained TCO prior to rDA reaction, The nucleophilic site in the dienophile prior to tDA
reaction is locked within the gpecific conformation of the dienophile and is therefore not
properly positioned to react intramolecularly and to thereby release the drug species. In
contrast, and due to the changed natuge of the eight membered ring, this nucleophilic site 15
properly positioned within the rDA adduct and will react intramolecularly, thereby releasing

the drug.

i e o F5 5 mz:,
7 3 Q .
o= 0= YO A0 =0 \e=0

v A

~nv = rest of attashed DY LP-DP, optionally comprising T or 8717 or MM or SPMM
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Example 1§
Activation of alternative model prodrugs

3,6-Bis(2-pyvidinyl)-1,2,4, 5-tetrazine  (2)  and  phenyl  ({E)-8-aminocyclooct-4-en-1-

vlicarbamare (48)

o

s NH'“"O»{,\ 2
RO G T

LN,

2 48
3,6-Bis(2-pyridinyl)-1,2,4,5-tetrazine (2, 2.50x 10”7 mol) was dissolved in PBS
buffer {1 mL). Next, phenyl ((E)-8-aminocyelooct-4-en-1-yl)carbamate (48, 2.50x107 mol}
was added. The solution was stirted at 20°C, and the reaction progress was monitored by
HPLC-MS analysis, demonstrating nearly instantaneous formation of the rDA-adduct,
followed by the formation of the cyclic urea with mfz = +375 Da (M+H"), and release of

phenol: Auue=270 mm., The half-life time of this release was 40 min.

3.0-Bis(Z-pyridiny)-1,2 4, 5-tetrazine (2} and  phenyl  ((E)-2-aminocyclooct-3-en-1-

yhicarbamate (49)
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3,6-Bis(2-pyridinyl)-1,2,4.5-tetrazine (2, 2.50x 107 mol) was dissolved in PBS
buffer (1 mL). Next, phenyl ({E)-2-aminocyclooct-3-en-1-yDcarbamate (49, 2.50x107 mol)
was added, The solution was stitred at 20°C, and the reaction progress was monitored by
HPLC-MS analysis, proving almost instantaneous formation of the ¥DA-adduct, followed by
the formation of the cyclic urea with m/z = +375 Da (M+H"), and release of phenol:

A2 70 nm, The halt-life time of this release was 40 min.
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Example 11

Activation of doxorubivin prodrugs

3.6-Bis(2-pyridinyl)-1,2 4, 5-tetrazine (2) and (Bl-cyclooctene-doxoruhicin conjugate (50)
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3,6-Bis(2-pyridiny)-1,2.4,5-tetrazine (2, 1.18x 107 g; 5.00x 10 mol) was
dissolved in PBS buffer (1 mL). Next, cis-(E)-cyclooctens-doxorubicin conjugate {50,
2.67x107 g 2.50x 107" mol) was added. The solution was stirred at 20°C, and the reaction
progress was monitored by HPLC-MS analysis, proving the formation of the cyclic urea with
m/z = +375 Da (M+IT7), and release of doxorubicin: m/z = +544 Da (M+H") and Aye=478
nm. The half-life time of this release was 2 hrs.

Performing this reaction at 37°C yielded a doxorubicin release hatf-life time of

A0 min,

3-(5-Acetamido-2-pyridy}-6-(2-pyridyi)-1, 2 4, S-tetrazine (3) and {B)-cvclooctene-

doxerubicin conjugate (51)



CA 02836338 2013-11-15

WO 2012/156918 PCT/IB2012/052445
111

Q
ST MO
5 / : e
L M, N
50
=G

Same procedure as previous reaction.

After 1 hr at 20°C, 30% doxorubicin was released.,

W

I-r§-Brtyramido-2-pyridyD-6-(2-pyrimidyl)-1, 2,4, S-tetracine und (B)-cvclovciene-

doxorubicin conjugate (50)
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Same procedure as previous reaction,

10 After 1 hr at 20°C, 20% doxorubicin was refeased.
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4-(1, 2.4, 3-Tetrazin-3-ylphenvimethanamine and (Ej-cyclooctene-doxoribicin conjugate (50)

A

& i
LU
SN N e e T8
< Nt T .

RN TTYR

§
Same procedure as previous reaction,
After 1 hrat 20°C, 50% doxorubicin was released.
3-Methvl-6-(2-pyridvl)-1,2,4.5-tetrazine (7} and (Ej-cyvelooctene-doxorubicin conjugate (30)
10
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Same procedure s previous reaction.

Alter T hr at 20°C, 52% doxorubicin was released.
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3,6-Lhiphenyl-1,2,4 5-tetrazine and (B)-cyclooctene-doxorubicin confugate (50)
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Same procedure as previous reaction.
5 After 1 hr at 20°C, 48% doxorubicin was released.

3.6-Bis(2-pyridinyl)-1,2,4. 5-tetrazine (2) and (E)-cyclooctene-doxorubicin conjugate (51)

10 3,6-Bis(2-pyridinyl)-1,2,4,5-letrazine (2, 1.18x107 g; 5.00x 10" mol) was
dissolved in PBS buffer (1 mL). Next, (E)}-cyclooctene-daxorubicin conjugate (51, 2.67x 107
g 2.50x10™ mol) was added. The solution was stirred at 20°C, and the reaction PrOgress was

monitored by HPLC-MS analysis, proving the formation of the cyelic urea with m/z = +375
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Da (M+H"), and release of doxorubicin: m/z = 4544 Da (M+H+) and =478 nm. The half-
tife time of this release was 4 days.

Performing this reaction at 37°C yielded a half-life time of 16 hrs.

Example 12

Cell profiferation assay with dexorabicin prodrug 30 and tetrazine 29

A431 squamous carcinoma cells were maintained in a humiditied CO, (5%)
mcubator at 37 °C in DMEM (Invitrogen) supplemented with 10% heat-inactivated fetal
bovine serum and 0.05% ghitamax (Invitrogen) in the presence of penicillin and
streptomycin. The cells were plated in 96-well plates (Nunc) at a 2000 celis/well density 24
hrs prior to the experiment. Doxorubicin (Dox) and the prodrug 50 {1 mM in DMSO) were
serially diluted in pre-warmed culture mediam inunediately before the experiment and added
to the wells (200 gL final velume; 1= 0). The prodrag was either added alone orin
combination with 10 pM tetrazine 29. After 6 hus incubation at 37 °C the medium was gently
aspirated, 200 pL fresh culture medium was added 1o each well and the cells were incubated
for 66 hrs more. In a parallel experiment, a solution of tetrazine 29 (2 mM in PBS) was
serially dituted (from | mM to 1 nM) in pre-warmed culture medium and added to A431 cells
ina 96-well plate, which was incubated at at 37 °C for 72 hrs. At the end of each experiment,
the cell proliferation was assessed by an MTT assay. Briefly,
methylthiazolytdiphenyltetrazolivm bromide (MTT) was dissolved in PBS at 3 mg/ml,
filtered through 0.22 pm and 23 pul was added to each well. After 120 min incubation at 37
°C, the medium was gently aspirated. The formed formazan crystals were dissolved in 100 ul
DMSO and the absorbance was measured with a plate reader (BMG Labtech) at 560 nm. [Csq
values (+ standard error; see table) were derived from the normalized cell growth curves (see
figure) generated with GraphPad Prism (version 5.01). The cell proliferation assays shows a
significant toxicity increase when A431 cells are exposed to a combination of the prodrug 50
and tetrazine 29 (ICso = 49 & 4 nM) compared to the prodrug alone (1Cs; = 128 4 17 nM) or
the tetrazine alone (ICsy > 100 pM). This confirms that doxorubicin is released following the
retro Diels-Alder reaction between the trans-cyclooctene of the prodrug and the tetrazine

Activator.
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ICsg values for doxorubicin (Dox) and prodrug 50 with and without activation by tetrazine 29
(10 ul) deicrmined in A431 cell line.

Compound ICs) (uM)
Dox 0.038 £.0.003°
Prodrug 50 0.128+0.017°
Prodrug 50 + tetrazine 29 (10

0.049 £ 0.004"
nM}
Tetrazine 29 >100°

® b incubation at 37 °C followed by medium replacement; ® 72 h incubation at 37 °C

See also Figure 4.

CA 2836338 2019-10-18
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Example 13

Excmplary gencral synthesis reutes and key intermediates for the preparation of TCO

based triggers.

The brackets around L° and S signify that they are optional. The T' featured in this
example can optionally be replaced by MY,
A
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Example 14
5 Structures of exemplary L” moieties

o - 8]
o Y + o \ 2
\:;\ s {f Q i Nt
i o~ " .3\\'% %, ) vl 5 \QWU:- e
T PN o5 Qwigger ﬁ i N TR

Firiges e 5 < Orsbrignas

3 o T8
x“'ﬁ\N S *N" s ey i
i

b

\‘i‘«w "{ fd

]

-L SR Arigasr

N

. ‘P\ E o ‘;)
§ §
s, /.t"«._O ,}i o o
0

The linkers L” are so-called self-immolative linkers, meaning that upon
reaction of the trigger with the activator the linker will degrade via intramolecular reactions

10 thereby releasing the drug D, Some of the above also contain a 8.
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Example 15

Structures of exemplary 8' moieties

. we = rast of attached Prosdrug

PCT/IB2012/052445

Note that the maleimide, active ester and bromo acetamide groups are active

groups to which targeting moieties T' and masking moieties M™, optionally via further

spacers S, can be coupled. Mateimides and bromo acelamide groups typically react with

10 thiols, while active esters are typically suitable for coupling to primary or secondary amines.



(W)

WO 2012/156918

CA 02836338 2013-11-15

121

PCT/IB2012/052445

Example 16. Structures of TCO triggers with depicted exemplary LP moieties and

which function via cyclization elimination.

The T' featured in this example can optionally be replaced by M™.
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Example 17, Structures of TCQ triggers with depicted exemplary L” moieties and

which function via cyclization and cascade elimination.

The T' featured in this example can optionally be replaced by MY,
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Example 18, Structures of TCO triggers with depicted excmplary LY and/or 87 moietics
and which function via eyclization elimination Trgger conjugared to T via amine or thiol

of T'. The T featured in this example can optionally be replaced by MM,

axampine of TR

S IR S (Y
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Example 19, Structures of TCO triggers with depicted exemplary L" and/or 8" moieties
and which function via ¢yclization and cascade elimination.
Trigger conjugated to T' via amine or thiol of T". The T' featured in this

example can optionally be replaced by MY,
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Example 20. Structares of TCO triggers with depicted exemplary L” and/or 8 moicties
and which function via cyclization and cascade elimination.
Trigger conjugated to T' via amine or thiol of T". The T featared in this

example can optionally be replaced by MY,

wxarvpies of T



10

CA 02836338 2013-11-15

WO 2012/156918 PCT/IB2012/052445

126

Example 21, Structures of antibody-drug conjugates, which function via cyclization
elimination,

Auristatin B (MMAE) toxin is attached via a self immolative linker LP to a
TCO trigger and via §' to a targeting antibody or fragment (conjugated through cysteine or
lysine residue). Ab = antibody or antibody fragment; q = Ab modification # and is typically

between 1 and 10,
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Example 22, Structures of antibedy-drug conjugates, which function via evelization

elimination.
. s i . o P . ) Ny »
Maytansine toxin is attached via a self immolative linker L to a TCO trigges

and via 810 a targeting antibody or fragment (conjugated through.cysteine or lysine

residue). Ab = antibody or antibody fragment; g = Ab modification # and is typically

between 1 and 10
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Example 23. Structures of antibody-drug conjugates, which function via evelization and
cascade elimination.

Auristatin E (MMARE) toxin is attached via a self immolative linker L” to a
TCO trigger and, in cases via §, to a targeting antibody or fragment {conjugated through
cysteine or lysine residue). Ab = antibody or antibody fragment; g = Ab modification # and is

typically between [ and 10.
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Exampie 24. Structures of antibody-drug conjugates, which function via cyclization and
cascade elimination,

Augistatin [ {MMAE) toxin is attached to a TCO trigger and via $* to a
targeting antibody or fragment {conjugated through cysteine or lysine residue). Ab =

antibody or autibody fragment; q = Ab modification # and is typicaily between 1 and 10.
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Example 25. Structures of antibody-drug conjugates, which function via cyelization and
cascade elimination.
Maytansine toxin is attached via a self immolative linker L” 1o a TCO trigger

and, in cases via 8%, to a targeting antihody or fragment ( conjugated through cysteine or

lysine residie). Ab = antibody or antibody fragment; g = Ab modification ratio and is
typically between I and 10.
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Example 26. Structures of trigger-drug eonstructs that can be conjugated to a targeting

agent T' eg via an amine or thiol moiety, and which function via cyclization elimination,

A

Auristatin E (MMAE) foxin is attached via a self immolative linker L” to a

TCO trigger and via 8" to ¢
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Example 27. Structures of trigger-drug coustructs that ean be conjugated to a targeting
agent T r eg via an amine or thiel moicty, and which function via the cyclization
elimination,

Maytansine toxin is attached via a self immolative linker L” to a TCO trigger

. e . . S , s
and via 8§ to a reactive moiety for T conjugation.
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Example 28. Structures of trigger-drug constructs that can be conjugated to a targeting
agent " £g via an amine or thiol moiety, and which function via cyelization and eascade
climination,

Auristatin B (MMAE) toxin is attached via a self immolative linker LY to a

e . . . . . S < .
I'CO trigger and, in cases via $°, to a reactive moiety for T' conyugation.
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Example 29. Structures of trigger-drug constructs that can be vonjugated to a targeting
agent T' eg via an amine or thiol moiety, and which function via cyclization and cascade

climinaticn.
Auristatin B (MMARE) toxin is attached to a TCO trigger and via 8’ to a

reactive moiety for T conjugation.
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Example 30. Structures of trigger-drug constructs that can be conjugated to a targeting
agent T! eg via an amine or thiol moiety, and which function via eyclization and cascade
elimination.

Maytansine toxin is attached via a self immolative linker L” to a TCO trigger

R . . p . o T : .
T and, in cases via $%, 10 a reactive moiety for T' conjugation.
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Example 31. Activation of tumor bound CC49-Auristatin E conjugate.

CCA9 as mAb or mADb fragment binds the non-intemalizaling pan-solid tumor
marker TAG72. After Prodmig administration, tumor binding and clearance from blood, the
Activator is injected. The reaction of the Activator with the TCO trigger in the Prodrag
results in release of Auristatin E from CC49 (antibody, or antibody fragment), allowing it to

penetrate the cancer cell inside which it hag its anticancer action,
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Example 32. Activation of tumior-bound T-cell engaging triabedy.
The triabody comprises a tumog-binding moiety, a CD3 T-cell engaging
moiety, and a CD28 T-cell co-stimulatory moiety. As the CD3 and CD28 vombined in one
5 molecule will result in unacceptable toxic effect off target, the anti-CD28 domain is blocked

by a Masking Moiety MY, a peptide resembling the CD28 binding domain and which has
affinity for the anti-CD28 motety. This peptide is linked through a further peptide or a PEG
chain ST to the TCO trigger which is itself conjugated to a site specifically engineered
cysteine. After Prodmug administration, tumor binding and clearance from blood, the

10 Activator is injected. The reaction of the Activator with the TCO trigger in the Prodrug
results in release of the Masking Mofety from the anti-CD28 domain enabling CD28 co-
stimulation of T-cells, boosting the T-cellmedisied anticancer effect, while avoiding off

target toxicity.

1§ Seealso Figure 5.
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CLAIMS:

1. A diene according to formula (4):

1

!
X

A
il
B

R
=
Y,

R2

4)
wherein A, B, X, and Y are N;

wherein both R! and R? are 2-pyridyl, 4-pyridyl, pyrimidyl, pyrazinyl, or imidazoyl;

wherein if both R! and R? are 2-pyridyl, at least one 2-pyridyl is substituted with one or more
substituents selected from the group consisting of halogen, CF3, NH2, OH, SH, CH2NH,
CH>0H, CH>SH, butyramidyl, and glutarimidyl; with the proviso that the NH> is not on the
4-position of the 2-pyridyl, or

wherein one of R' and R? is hydrogen and the other is 2-pyridyl; or
wherein one of R! and R? is 2-pyridyl and the other is pyrimidyl;

wherein optionally each of R! and R? not being hydrogen is independently substituted with
one or more substituents selected from the group consisting of halogen, CF3, NH>, OH, SH,
CH2NH2, CH20H, CH2SH, NO3, CI, CN, COOR, CONHR, CONR, COR, SO2R, SO;0R,
SO2NR2, PO3R2, NO, butyramidyl, glutarimidyl, and Ar; wherein R is H or C1-Ce alkyl, and

Ar stands for an aromatic group;

wherein optionally each of R' and R? not being hydrogen is independently linked to one or
more groups selected from the group consisting of a dye moiety, fluorescent moiety, imaging

probe, protein, peptide, carbohydrate, polymer, and dendrimer;
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wherein each alkyl independently is an aliphatic, straight, branched, saturated, unsaturated
and/or cyclic hydrocarbyl group, optionally including 1-10 heteroatoms.

2. A diene according to claim 1, wherein Ar is phenyl, pyridyl, or naphthyl.

3. A diene according to claim 1, wherein R' and R* not both being 2-pyridyl are
unsubstituted, or each of R! and R? not being hydrogen is independently substituted with one
or more substituents selected from the group consisting of halogen, CF3, NH2, OH, SH,
CH2NH», CH>OH, CH2SH, butyramidyl, and glutarimidyl.

4. A diene according to any one of claims 1 to 3, wherein the halogen is fluoride.
5. A diene according to any one of claims 1 to 4, wherein both R! and R? are
2-pyridyl.

6. A diene according to any one of claims 1 to 3, wherein said diene is selected

from the group consisting of

e (b G e e

N-N = NN = -
CH Nm}ﬁw OO EHIO OO
N N-N

CN>_</N=N\ ?\1_/ N </ _N\>‘(i> <’_ >‘(i/>_ j\A <:N/>_</N=N\ \N_/ ;/\/
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bothY =Mand both X=C, or
both ¥ = M and both X = N bothX=Sandboth Y = N both X=Sand bothY = N
, and
7. A diene according to claim 6, wherein said diene is selected from the group

consisting of

N N N—/ b o N)—(}F F30{>—<N N)—(}oFg
CH “@ujw Rosh N@ﬁw S OLO0

N N=N
N-N j\/\ N N-N ,—
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N=N < N>_(i> < \ / H N N=N N H/\/’
L3¢ 37
and N VN H
8. A kit for the administration and activation of a prodrug, the kit comprising a

10 drug moiety linked, directly or indirectly, to a trigger moiety, and an activator for the trigger
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moiety, wherein the activator is a diene according to any one of claims 1 to 7, wherein the
trigger moiety comprises a dienophile, the dienophile comprising a #rans-cyclooctene ring, the
ring optionally including one or more hetero-atoms, the dienophile comprising a structure

according to formula (1a)

(1)

wherein A and P are independently CR? or CR*XP, provided that at least one is
CR*XP, XP is 0-C(0)-(LP)a-(DP), S-C(O)-(LP)a-(DP), O-C(S)~(LP)n-(DP), S-C(S)-(L )a-(DP),
NR*-C(0)-(L)-(D), NR*-C(S)-(LP)a-(D), C(O)-(L")-(DP), or C(S)-(LP)u-(D"); LPis an

optional linker with n = 0 or 1; D is one or more therapeutic moieties or drugs,

wherein Y, Z, X, and Q are each independently selected from the group consisting of CR?,
C=CR%, C=0, C=S, C=NR", S, SO, SOz, O, NR®, and SiR%, with at most three of Y, Z, X,
and Q being selected from the group consisting of C=CR?%, C=0, C=S, and C=NR®, wherein
two moieties R*, R® or R® may form a ring, and with the proviso that no adjacent pairs of
atoms are present selected from the group consisting of 0=0, O-NR®, S-NR®, O-S, O-S(0),
0O-S(0)2, and S-S, and such that Si is only adjacent to CR*; or O;

wherein each R? is independently selected from the group consisting of H, alkyl, alkenyl,
alkynyl, aryl, OR’, SR’, S(=O)R*”’, S(=0).R’”’, S(=0).NR’R”’, Si-R’”’, Si-O-R’”’,
OC(=0O)R’”’, SC(=O)R’”’, OC(=S)R’”’, SC(=S)R’”’, F, Cl, Br, I, N3, SO2H, SOsH, SOsH,
POsH, PO4H, NO, NOz, CN, OCN, SCN, NCO, NCS, CF3, CF2-R’, NR’R”, C(=O)R’,
C(=S)R’, C(=0)0O-R’, C(=S)O-R’, C(=0)S-R’, C(=S)S-R’, C(=O)NR’R”, C(=S)NR’R”’,
NR’C(=0)-R*>’, NR’C(=S)-R’”’, NR’C(=0)0-R’”’, NR’C(=S)0-R’”’, NR’C(=0)S-R*”’,
NR’C(=S)S-R’”’, OC(=O)NR’-R’”’, SC(=O)NR’-R’”’, OC(=S)NR’-R’”’, SC(=S)NR’-R’”’,
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NR’C(=0)NR”-R”’, NR’C(=S)NR”-R’’, and CR’NR”’, with each R’ and each R’
independently being H, aryl, alkyl, alkenyl, or alkynyl, and R’’’ independently being aryl,
alkyl, alkenyl, or alkynyl;

wherein optionally one R? is linked, optionally via a spacer St, to a targeting

agent T" or a masking moiety MM,

wherein each R is independently selected from the group consisting of H, alkyl, aryl, O-aryl,
O-alkyl, OH, C(=O)NR’R” with R’ and R” each independently being H, aryl or alkyl, and
R’CO-alkyl with R’ being H, alkyl and aryl;

wherein each R®is independently selected from the group consisting of H, alkyl, aryl, O-alkyl,
O-aryl, and OH;

wherein each RY is selected from the group consisting of H, C1.6 alkyl, C2.¢ alkenyl, Ca.6
alkynyl and Ca.¢ aryl; and wherein T and G each independently denote H, or a substituent
selected from the group consisting of alkyl, alkenyl, alkynyl, F, Cl, Br, and I;

wherein each alkyl independently is an aliphatic, straight, branched, saturated, unsaturated
and/or cyclic hydrocarbyl group of up to ten carbon atoms, optionally including 1-10

heteroatoms; and

wherein each aryl independently is an aromatic or heteroaromatic group of up to twenty

carbon atoms, that is optionally substituted, and that optionally includes 1-10 heteroatoms.

9. A kit according to claim 8, wherein the cyclooctene comprises a structure

according to formula (1b):
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wherein each R? independently denotes H, or, in at most four instances, a
substituent selected from the group consisting of alkyl, alkenyl, alkynyl, aryl, OR’, SR’
S(=0)R’”’, S(=0):R’”’, S(=0)NR’R”’, Si-R’”’, Si-O-R’”’, OC(=O)R’”’, SC(=O)R’”’,
OC(=S)R”’, SC(=S)R”’, F, Cl, Br, I, N3, SO2H, SO3H, SO4H, POsH, PO4H, NO, NO2, CN,
OCN, SCN, NCO, NCS, CF3, CF2-R’, NR’R”, C(=0)R’, C(=S)R’, C(=0)O-R’, C(=S)O-R’,
C(=0)S-R’, C(=S)S-R’, C(=O)NR’R”, C(=S)NR’R”’, NR’C(=0)-R’”’, NR’C(=S)-R’”’,
NR’C(=0)0O-R’”’, NR’C(=S)0O-R*’’, NR’C(=0)S-R’”’, NR’C(=S)S-R*”’, OC(=O)NR’-R’”’,
SC(=0O)NR’-R’”’, OC(=S)NR’-R’”’, SC(=S)NR’-R’”’, NR’C(=O)NR”-R”’,
NR’C(=S)NR”-R’’, and CR’NR”’; with each R’ and each R’’ independently being H, aryl,

k-

alkyl, alkenyl, or alkynyl, and R’’’ independently being aryl, alkyl, alkenyl, or alkynyl

wherein optionally one R?is linked, optionally via a spacer S’, to a targeting
agent T* or a masking moiety MM, and wherein T and G each independently denote H, or a
substituent selected from the group consisting of alkyl, alkenyl, alkynyl, F, Cl, Br, and I, and

XP and RY are as defined in formula (1a) according to claim 8.

10. A kit according to any one of claims 8 and 9, wherein the dienophile is a

compound selected from the following structures:

Date Regue/Date Received 2021-05-07



81775024

— =restaf sttached T or 5T or ¥ or 5%

wherein the wavy line indicates the rest of attached D, or LP-DP, optionally comprising T* or

SP-TT or MM or SP-MM;
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wherein the wavy line indicates the rest of attached D, or LP-DP, optionally comprising T* or

SP-TT or MM or SP-MYM;
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wherein the dotted line indicates the rest of attached T* or S*-T! or MM or SP-MM;
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wherein the wavy line indicates the rest of attached D, or LP-DP, optionally comprising T* or

SP-TT or MM or SP-MM;

5 wherein the dotted line indicates the rest of attached T* or S*-T' or MM or SP-MM;
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wherein the wavy line indicates the rest of attached D, or LP-DP, optionally comprising T* or
SP-TT or MM or SP-MM;
wherein S* is a spacer, T is a targeting agent, and MM is a masking moiety.

1. A kit according to any one of claims 8 to 10, wherein at least one of the drug

DP or the linker LP comprises a targeting agent T™.

12. The kit according to claim 11, wherein the targeting agent T" is an antibody.
13. A kit according to any one of claims 8 to 12, wherein LP comprises a masking
moiety MM,

14. The kit according to claim 13, wherein the masking moiety MM is a peptide.
15. A kit according to any one of claims 8 to 14, wherein the drug is a T-cell

engaging antibody construct.

16. A kit according to any one of claims 8 to 15, wherein the prodrug is an

antibody-toxin or antibody-drug conjugate.

17. The kit according to claim 8, wherein LP is linked to the dienophilevia S, N,

NH, or O, wherein these atoms are part of the linker.

18. The kit according to claim 8, wherein DP is linked via S, N, NH, or O, wherein

these atoms are part of the therapeutic moiety.

19. The kit according to claim 8, wherein XP is NR-C(0)-(LP)s-(DP) or
C(0)-(LP)n-(DP), wheren=0or 1.

20. Use of a diene as defined in any one of claims 1 to 7, as an activator for the

release, in a physiological environment, of a substance linked to a frans-cyclooctene.

21. The use of the inverse electron-demand Diels-Alder reaction between a diene

as defined in any one of claims 1 to 7, and a frans-cyclooctene, as a chemical tool for the
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purpose of presenting a chemical substance, in a bound form, and enabling the release thereof

in a physiological environment.
22. The use according to claim 21, wherein the chemical substance is a drug.

23. A use according to any one of claims 20 to 22, wherein the frans-cyclooctene is

as defined in any one of claims 8§ to 19.
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