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New antibody drug conjugates (ADCs) and the use ther eof

The present application relates to new binder-droigjugates (ADCs) of N,N-dialkylauristatins
that are directed against the target fibroblastwgnofactor receptor 2 (FGFR2), to active
metabolites of these ADCs, to processes for pregaliese ADCs, to the use of these ADCs for
treating and/or preventing illnesses, and alsd¢ouse of these ADCs for producing medicaments
for treating and/or preventing illnesses, more ipaldrly hyperproliferative and/or angiogenic
diseases such as, for example, cancer diseaséstr8atments may be practised as a monotherapy

or else in combination with other medicaments othier therapeutic measures.

Cancer diseases are the consequence of uncontogledrowth in a wide variety of tissues. In
many cases the new cells penetrate existing tigsuasive growth), or they metastase into remote
organs. Cancer diseases occur in a wide variegrgdns, and the illnesses often progress in a
tissue-specific manner. The designation “cancesadie” as a generic term therefore describes a

large group of defined diseases of different orgéissues and cell types.

Early-stage tumours may be able to be removed bgicgd and radiotherapeutic measures.
Metastasized tumours can generally only be givéiratige therapy by means of chemotherapeutic
agents. The objective in that case is to achiegeoffimum combination of improving quality of

life and prolonging remaining lifetime.

The majority of the chemotherapeutic agents whieh @esently administered parenterally are
often not target-directed at the tumour tissueher tumour cells, but instead, as a result of their
systemic administration, are distributed non-spealify within the body, hence including at
locations at which exposure to the drug is undbltesuch as in healthy cells, tissues and organs,
for example. This may lead to unwanted side-effants even to serious effects of general toxicity,
which then often greatly limit the therapeuticallgeful dose range of the drug, or necessitate

complete cessation of medication.

The improved and selective availability of theserabtherapeutic agents in the tumour cell or the
immediately surrounding tissue, and the associdiedst in effect, on the one hand, and
minimization of toxic side-effects, on the othembahave therefore been a focal point for a
number of years in the development of new chemafieartic agents. Many attempts have been
made to date to develop efficient methods of intoddg the drug into the target cell. Optimizing
the association between drug and intracellularetaagd minimizing the intercellular distribution

of drug, to adjacent cells, for example, nevertbelgontinue to constitute a difficult problem.

Monoclonal antibodies, for example, are suitable tfee target-directed addressing of tumour

tissue and tumour cells. The significance of suctibadies for the clinical treatment of cancer
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diseases has seen a considerable general increaseent years, based on the activity of such
agents as trastuzumab (HercePyimituximab (Rituxafi), cetuximab (ErbituX) and bevacizumab
(Avastir’®), which have since been approved for the therdydividual, specific tumour diseases
[see e.g. G. P. Adams and L. M. Weindgt. Biotechnol23 1147-1157 (2005)]. Consequently
there has also been a marked increase in intemesb-called immunoconjugates such as, for
example, the aforementioned ADCs, in which an mdbring antibody directed against a tumour-
associated antigen is joined covalently via a higkinit ("linker") to a cytotoxic agent. Following
introduction of the ADC into the tumour cell andosequent cleavage of the conjugate, either the
cytotoxic agent itself or another metabolite witytatoxic activity, formed from the cytotoxic
agent, is released within the tumour cell, wherasitable to develop its effect directly and
selectively. In this way it would be possible toekethe damage to normal tissue within
significantly closer limits in comparison to a cemiional chemotherapy of the cancer disease [see
e.g. J. M. LambertCurr. Opin. Pharmacol5, 543-549 (2005); A. M. Wu and P. D. Sentidat.
Biotechnol.23 1137-1146 (2005); P. D. Sent&urr. Opin. Chem. Biol13, 235-244 (2009);

L. Ducry and B. StumBioconjugate Cheng1, 5-13 (2010)].

Instead of antibodies, it is also possible for kisdfrom the small-molecule drug sphere to be used
as binders which bind selectively to a specifigéarocation (“target"), such as to a receptor, for
example [see e.g. E. Ruoslahtial, Science279 377-380 (1998); D. Karkaet al, PLoS ONE

3 (6), e2469 (June 25, 2008)]. Also known are cgafes of cytotoxic drug and addressing ligand
that exhibit a defined cleavage point between ligamd drug for the release of the drug. A
"predetermined break point" of this kind may exist, example, within a peptide chain which can
be cleaved selectively at a particular site by acsg enzyme at the location of action [see
e.g. R. A Firestone and L. A. Telan, US Patentligption US 2002/0147138].

The activity of monoclonal antibodies is demonstdatin various types of cancer. Thus
HERCEPTIN® and Erbitux® are used successfully ie theatment of HER2-positive breast

cancer and EGFR-positive colorectal cancer, resdgt

The coupling of cytotoxic compounds to antibodiesfs an extended possibility for additionally
improving cancer therapy, since these conjugatesvaumour-specific toxophore accumulation
and at the same time reduce the systemic toxidiiyh respect to activity and tolerance, clinical
studies with brentuximab vedotin in Hodgkin's lyngpha and with trastuzumab-DM1 in breast
cancer have yielded highly promising results, whscipport the development of new antibodies

and new ADCs against other tumour antigens.

Antibody-based therapy proves to be very powerfulthe treatment of various carcinomas,
including solid tumours. Thus, for example Hercepthas been deployed successfully in the

treatment of breast cancer, and Ritdk@powerful in forms of carcinoma associated wita B
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cells. At the focal point of the development ofumaessful antibody-based therapy is the isolation

of antibodies against cell surface proteins whighexpressed preferably on tumour cells.

The fibroblast growth factor receptors are tyrosiaeeptor kinases (RTK), of which four are
known in mammals (FGFR1, FGFR2, FGFR3, FGFR4).idganlds, 22 human fibroblast growth
factors (FGF) have been identified (Eswarakumar &adklessinger, Cytokine & Growth Factor
Reviews 2005, 16:139-149; Shimada et al., Prodl. Ratad. Sci. USA 2001, 98:6500-6505). The
FGFRs consist of three extracellular immunoglobu(lig)-like domains, namely D1-D3, with
domains 2 and 3 being necessary for ligand bindimgl also of an individual transmembrane
domain and a cytoplasmic domain, which contains daglytic centre of the protein tyrosine
kinase (a schematic illustration is given in Figlije

Schematic illustration of the structure of FGFRZH&a (SEQ ID NO: 1) and beta (SEQ ID NO: 2)
splice variants are compared with one another. ilfbgtration shows the three Ig-like domains
(D1, D2 and D3), the transmembrane domain (TM) #rel intracellular kinase domain. The
heparin binding site (HBS), the acidic box (AB)dathe alternative Illb/llic domains are likewise

labelled. The amino terminus is marked by N, thdb@ay terminus by C.

The extracellular component additionally harbours &cidic box (AB) and the heparin binding
site (HBS) (see Figure 1). An important featuretltd FGFR family of RTKs is that there are
different, alternatively spliced variants in existe. The full-length FGFR is identified as FGFR
alpha (SEQ ID NO: 1), while the isoform, which isseing D1, is identified as FGFR beta (SEQ
ID NO: 2) (Figure 1). An alternative splicing in main 3 leads to two different variants, namely
FGFR2 lllb, which is encoded by the exons 7 andr&] FGFR2 llic, which is encoded by the
exons 7 and 9 (Figure 1). The latter splicing iefloes the ligand binding, leading to the
specificity pattern. FGFR2 llic is expressed priilyaby mesenchymal cells, and FGFR2 llib
essentially by epithelial cells. FGF7 is also knaagnkeratinocyte growth factor (KGF), and binds
only to FGFR2 llIb, which is therefore also callé@GFR. When the FGFs bind to their receptors,
there is subsequent dimerization and phosphorylaifahe FGFRs, and a downstream signalling
via the FRS-GRB2 docking protein complex to the RASPK signal transduction cascade and
the PISK-AKT signal transduction cascade. The farsignal transduction cascade is involved in
cell growth and in cell differentiation, while tiegter is involved in the survival of the cells aind
the determination of cell fate (Katoh und Katot, th Oncol. 2006, 29:163-168).

For correct organogenesis during embryogenesigramestrated signal transduction of all four
receptors (FGFR1 to FGFR4) and of their splicingards via the different FGFs is necessary
(Ornitz et al., Genome Biol 2001, 2:3005). In these of FGFR2, the absence of all FGFR2
variants leads to defects in placental and limb foudchation, and therefore leads to fatality at the
E10.5 stage. Specific knock-out of FGFR2 llIb i timouse leads likewise to fatality (at PO) in
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association with agenesis of the lungs, of theramtéobe, of the thyroid gland, of the teeth arid o
the limbs, whereas disruption of the FGFR2 lliciaar is survivable, with incidence of retarded
ossification, proportional dwarfism and synostosfsthe base of the skull (Eswarakumar and
Schlessinger, 2005). Activating mutations of FGFRR the germ track lead to severe
malformations during embryogenesis, such as comyrastosis and cranial synostosis in the case
of Apert's syndrome or in the case of Pfeiffersndsome in humans (Robin et al., in Gene
Reviews, NCBI Bookshelf Washington, edited by Pagbral., 1993). In adults, FGFR2 signal
transduction is involved in wound healing, in epltal repair and in the protection of cells of the
skin and mucous membrane (Braun et al., Phil. TlBn&oc. Lond. B 2004, 359:753-757) and in
regeneration in the event of liver damage (Steikh@l., Oncogene 2003, 22:4380-4388; Bohm,
dissertation, Eidgendssische Technische HochscButeh, 2009). A role of FGFR2 signal
transduction in the migration of EPDC (epicardiafided cells) into the heart following infarction
is therefore under discussion because during ergbngsis, FGF10-FGFR2 signal transduction is
necessary for the migration of EPDC into the corhpagocardium, a process which is necessary
for the development of the heart (Vega-Hernandeal.etDevelopment 2011:3331-3340; Winter
and De Groot, Cell Mol. Life Sci. 2007, 64:692-703)I of these roles played by FGFR2 are
regenerative in nature, and apparently of esseirtiglortance only under non-physiological
conditions, as a result of a disruption in tissoenbostasis. Increased somatic signal transduction
via FGFR2 is involved in various pathological cdmalis such as acne (Katoh, J. of Invest.
Dermatol. 2009, 129:1861-1867), psoriasis (FinchletAm. J. Pathol. 1997, 151:1619-1628; Xu
et al., J. Invest. Dermatol. 2011:131:1521-152%) @ncer (see below).

A number of studies have been published which sa@irong association of FGFR2 expression

with an adverse outcome in cancer patients:

The overexpression of FGFR2 and/or KGF is accongmhtiy expansive growth of stomach
carcinoma and shorter survival of the patients @dabbu et al., Int. J. Cancer 2006, 28:307-314;
Toyokawa et al., Oncol. Reports 2009, 21:875-888¢ overexpression of FGFR2 was detected in
31-36.5% of all stomach carcinoma samples exam{Matsunobu et al., Int. J. Cancer 2006,
28:307-314; Toyokawa et al., Oncol. Reports 200R8725-880). Adenocarcinoma (70% of all
stomach carcinomas) is subdivided, additionallyp itwo different pathological types, namely
stomach cancer of the intestinal type of and of diftuse type. Interestingly, the first, less
aggressive type is associated with an activateZ#dignal pathway, whereas, in the case of the
latter, more aggressive type, aberrations occuhenFGFR2/PI3K signal pathway (Yamashita et
al., Surg. Today 2011, 41:24-38). FGFR2 overexjpowassccurred in 53% of all samples of
stomach cancer of the diffuse kind (Yamashita et @ilirg. Today 2011, 41:24-38). Drawing
together all of the data, HER2 expression and FG&RR2ession appear to occur in two different

patient populations. To some extent possibly, theression of FGFR2 is the result of a gene
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amplification, since amplifications of FGFR2 areufidl in approximately 7-10% of all primary
stomach carcinomas (Kunii et al.,, Cancer Res. 208823-40-2348). Moreover, FGFR2
expression has not only been found in metastasesyds in fact even greater in metastases than

in primary tumours (Yamashita et al., Surg. Today®, 41:24-38).

In the case of breast cancer, FGFR2 Illb expresgias found in 57% of tumour samples, but
hardly at all in healthy tissue (Tamaru et al. 2084:1460-1471). KGF (FGF7) occurred in 45%
of random samples, generally together with FGFR® The co-expression of FGF7 and its single
receptor FGFR2 lllb was associated with a signififareduced number of apoptotic cells within

the primary tumour by comparison with primary biteaarcinomas, where neither FGF7 nor
FGFR2 Illb was expressed (Tamaru et al. 2004, &014171). As in the case of stomach cancetr,
a gene amplification was found for breast cancexels and also in 4% of triply negative breast
carcinomas (TNBC) (Turner et al., Oncogene 201@@B-2023). In breast cancer, a number of
changes in individual nucleotides (Single Nuclestllolymorphism, SNP) have been identified
that are associated with an increased risk of bresscer (Hunter et al., Nature Genetics 2007,
6:870-874). If the SNPs are localized within Intéyrthis leads to a transcriptional upregulation of
FGFR2 (Katoh, Expert Reviews 2010, 10:1375-137@erkstingly, FGFR1 is upregulated

preferentially in the case of oestrogen recept®)(gositive breast carcinomas, while FGFR2 is
upregulated in the case of ER-negative breastrar@s (Katoh, Expert Reviews 2010, 10:1375-
1379).

In the case of pancreatic carcinoma, the overegsmesof FGFR2 lllb and/or FGF7 is heavily
correlated with venal invasion (Cho et al.,, AmPathol. 170:1964-1974), with co-expression of
FGFR2 and FGF7 having been found in tumour celis,decurring even more frequently in the
stroma cells which are adjacent to the tumour d&dlswata et al., Am. J. Pathol. 1998, 153:213-
222).

In the case of epithelial ovary cancer, 80% of sagdewed upregulation of FGRF2 as compared
with normal tissue, and in 70% there was FGF7 im #iscitic fluid (Steele et al., Oncogene
20:5878-5887).

The FGFR2 protein was found in all invasive cerv@cinomas tested, with strong expression at
the invasive front of the tumours (Kawase et aL., J. Oncol. 2010, 36:331-340).

In the case of pulmonary adenocarcinoma, co-exioresd FGF7 and FGFR2 occurred in 51.6%
of cases, and is correlated with lower degreedftd#rdntiation, higher rate of proliferation, lymph
node metastasis, and shorter 5-year survival (Yasfaet al., J. Pathol. 2004, 204:110-118).

In the case of endometrial carcinoma, activating-R@& mutations occur in approximately 16% of
cases (Pollock et al., Oncogene 2007, 26:7158-7162)
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In the case of oesophageal cancer (OC), co-expresdiFGF7 and FGFR2 in cancer cells was
found in 26% of patients, and was associated witkrad towards a shorter survival time (Yoshino
et al., Int. J. Oncol. 2007, 31:721-728).

In the case of liver cell carcinoma, the expressdbdrFGFR2 was upregulated 4.7 times more
strongly in poorly differentiated tumours. This eggsion is associated with the incidence of portal

vein invasion and lower disease-free survival tiffiégrimoto et al., Oncology 2010, 78:361-368).

A number of publications, witin vitro andin vivo experimental data, show a causal connection

between altered FGFR2 signal transduction and tuigayth.

Knock-down or inhibition of FGFR2 in cells of stootmcancer (Takeda et al., Clin. Cancer Res.
2007; 13:3051-3057; Kunii et al., Cancer Res. 2@82340-2348), breast cancer (Turner et al.,
Oncogene 2010, 29:2013-2023), ovarian cancer (€, Cancer Biol. Ther. 2010, 10:495-504)
and squamous carcinoma of the head and neck (Mbaetha., Clin. Cancer Res. 2011, 17:5016-
5025) led to reduced proliferation or increased papsis of the tumour cells. In tumour
xenotransplants as well, knock-down of FGFR2 ardbition of FGFR2 in tumour cell lines
which overexpress FGFR2 was observed to cause Ilgriowibition in stomach cancer cell lines
(Takeda et al., Clin. Cancer Res. 2007; 13:305IfB@nd ovarian cancer cell lines (Cole et al.,
Cancer Biol. Ther. 2010, 10:495-504). Moreover, FGwhich exclusively activates FGFR2,
increases the proliferation of stomach cancer lagdls (Shin et al., J. Cancer Res. Clin. Oncol.
2002, 128:596-602), breast cancer cell lines (Zhetrg., Anticancer Res. 1998, 18:2541-2546)
and ovarian cancer cell lines (Cole et al., Carief. Ther. 2010, 10:495-504h vitro andin
vivo. Furthermore, knock-down of FGFR2 in endometrahazr cell lines which contain FGFR2
with activating mutations likewise led to the stsiiltl of the cell cycle and to the induction of Icel
death (Byron et al., Cancer Res. 2008, 68:6902-6907

FGFR2 signal transduction promotes the migratiah iamasion of stomach cancer cell lines (Shin
et al., J. Cancer Res. Clin. Oncol. 2002, 128:508}%6breast cancer cell lines (Zhang et al.,
Anticancer Res. 1998, 18:2541-2546) and pancreaticer cell lineqn vitro (Nomura et al., Br. J.
Cancer 2008, 99:305-313; Niu et al., J. Biol. Ch2é27, 282:6601-6011).

In the case of oesophageal cancer, FGFR2 is the higkly upregulated gene in tumour-
associated fibroblasts. Isolated tumour-associdite@blasts released a soluble factor which
promotes the proliferation of oesophageal cancéis ¢ghang et al., hum. Cancer Biol. 2009,
15:4017-4022), thereby demonstrating that FGFR2resged by stroma cells is also able to

promote tumour progression.

There are only a few reports on anti-FGFR2 antiéediFortin et al. (J. Neurosci. 2005, 25: 7470-
7479) describe a blocking anti-FGFR2 antibody. \ateal. (Hybridoma 2006, 25: 115-124) have
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shown antibodies with exclusive specificity for H&E llIb, which inhibit the KGF-induced cell
proliferation. WO2007/144893 describes inhibitingilodies which bind FGFR2 and FGFRS3. In
WO02010/054265 and in Zhao et al. (Clin. Cancer R€4.0,16:5750-5758), antibodies which
inhibit FGF binding are described, including foraexple GAL-FR21 and GAL-FR22. Bai et al.
(Cancer Res. 2010, 70:7630-7639) describe antibduieing specificity for FGFR2 lllb. R&D
Systems market anti-FGFR2 antibodies which have aativity-neutralizing effect in the
manufacturer’s assays. WO2005/066211 describebaalidis which are directed against various
cell-surface FGFRs, including FGFR2. WO2009/100#@Scribes isoform-specific anti-FGFR2
antibodies which can be linked covalently to eféeciolecules. WO2007/134210 describes
methods for treating colorectal cancer using a@FR2 antibodies or immunoconjugates.
WO02007/144893 describes FGFR2 antibodies with bipdiffinity for further FGFRs, which

block the ligand-dependent and the constitutivardyindependent FGFR2 receptor activation.

Auristatin E (AE) and monomethylauristatin E (MMABR)e synthetic analogues of the dolastatins,
a specific group of linear pseudopeptides whichewaiginally isolated from marine sources and
which have in some cases very potent cytotoxiosidigtwith respect to tumour cells [for a review
see e.g. G. R. Pettierog. Chem. Org. Nat. ProdQ, 1-79 (1997); G. R. Pettdt al, Anti-Cancer
Drug Design10, 529-544 (1995); G. R. Pettdat al, Anti-Cancer Drug Designl3, 243-277

ff%)wk@

3 3

Auristatin E (AE): R =CH
Monomethylauristatin E (MMAE): R =H

MMAE, however, possesses the disadvantage of a a@tipely high systemic toxicity. For
improving tumour selectivity, MMAE is used more feularly in conjunction with enzymatically
cleavable valine-citrulline linkers in the ADC $ef for more targeted tumour therapy
[WO 2005/081711-A2; S. O. Doronira al, Bioconjugate Cheni?7, 114-124 (2006)]. Following

proteolytic cleavage, MMAE is released preferahlyacellularly from corresponding ADCs.

Monomethylauristatin F (MMAF) is an auristatin dexfive having a C-terminal phenylalanine
unit which exhibits only moderate antiproliferatigetivity in comparison to MMAE. This fact is

very probably attributable to the free carboxylugpwhose polarity and charge adversely affect
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the capacity of this compound to access cells.hla tonnection, the methyl ester of MMAF
(MMAF-OMe) has been described, as a neutral-changedirug derivative with cell access
capability, which, in comparison to MMAF, has ianvitro cytotoxicity for various carcinoma cell
lines that is increased by a number of orders ajnitade [S. O. Doroninat al, Bioconjugate
Chem.17, 114-124 (2006)]. It can be assumed that thisceffe brought about by MMAF itself,
which, following uptake of the prodrug into the Isglis rapidly released by intracellular ester

hydrolysis.

ﬁ&f@% &

Monomethylauristatin F (MMAF): R=H
Monomethylauristatin F methyl ester (MMAF-OMe): =RCH,

However, drug compounds based on simple esteratamds are generally subject to the risk of
chemical instability on account of non-specificeestydrolysis, independent of the intended site of
action, by means, for example, of esterases tleaprsent in the blood plasma; this non-specific

hydrolysis may significantly restrict the usefulaes such compounds in therapy.

Monomethylauristatin F (MMAF) and also various egterivatives and amide derivatives thereof
have been disclosed in WO 2005/081711-A2. Furtheistatin analogues with a C-terminal,
amidically substituted phenylalanine unit are dibsat in WO 01/18032-A2. WO 02/088172-A2
and WO 2007/008603-A1 claim MMAF analogues whiclateeto side-chain modifications of the
phenylalanine, while WO 2007/008848-A2 claims thasewhich the carboxyl group of the
phenylalanine has been modified. Auristatin confjegalinked via the C-terminus have been
recently described in WO 2009/117531-Al [see als®.SDoroninaet al, Bioconjugate Chem.
19, 1960-1963 (2008)].

The problem addressed with the present inventios weat of providing new binder-drug
conjugates (ADCs) which, through combination of nB\N-dialkylauristatin derivatives with
innovative, suitable linkers and binder, exhibitvary attractive activity profile, such as, for
example, in terms of their specific tumour effentér the reduced potential of the metabolites
formed intracellularly to be a substrate with retpe transporter proteins, and which are therefore
suitable for the treatment and/or prophylaxis gbdrproliferative and/or angiogenic diseases, such

as cancer diseases, for example.
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The present invention provides binder-drug conjegaftf the general formula (la)

in which

CH,
H,Cc _R® H,C CH,
Q H
H N
1 2 N\)k N \D
AK—-G—L—B—L*N < N
| I o._ O
CH, O CH, O__ O CH,
H,C H CH,

3

c

3 3

—n

(1),

n is a number from 1 to 50,

AK is a binder which binds FGFR2,

the group §-G-L-B-8§ is a linker,

LZ

where
§ marks the linkage site with the group AK and
88 marks the linkage site with the nitrogen atom,

is linear (G-Cp)-alkanediyl or is a group of the formula

p is a number from 2 to 6,
##°  marks the linkage site with the group B,

# marks the linkage site with the nitrogen atom,

where (G-Cyg)-alkanediyl may be substituted by 1 to 4 substitseselected
independently of one another from the group coimgjsbf methyl, hydroxy and

benzyl,

and
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where two carbon atoms of the alkanediyl chaif,2, 1,3- or 1,4-relation to one

another, with inclusion of any carbon atoms sitdabetween them, may be

bridged to form a (6Cs)-cycloalkyl ring or a phenyl ring,

D is a group of the formula
A 3 5
N/O #3><Tl # R
or
#2 R® R’
o R T
1 2
5 R™ R
where
# marks the linkage site with the nitrogen atom,

R! is hydrogen or methyl,

R? is isopropyl, isobutylsecbutyl, tert-butyl, phenyl, benzyl, 1-hydroxyethyl,
10 4-hydroxybenzyl, 4-hydroxy-3-nitrobenzyl, 4-hydregyaminobenzyl,
1-phenylethyl, diphenylmethyl, H-imidazol-4-ylmethyl or H-indol-3-

ylmethyl,
or
R'and R together with the carbon atom to which they aoeded form a
15 (1S,2R)-2-phenylcyclopropane-1,1-diyl group of the forul
Hal

3

"

in which
# marks the linkage site with the adjacent nitrogtom,

# marks the linkage site with the carbonyl group,
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the ring A with the N-O moiety present thereiraisnono- or bicyclic, optionally substituted

heterocycle of the formula

5
R3
R4
10
or
R®and R
15
Tl
20

3. 4

R6
) O
N N~
|6 |6

P
N N
| I
# , # , # #
in which
# marks the linkage site with the carbonyl group,

R® is hydrogen, hydroxy or benzyloxy,
is hydrogen or methyl,

is isopropyl, isobutylsecbutyl, tert-butyl, phenyl, benzyl, 1-hydroxyethyl,

4-hydroxybenzyl, 4-hydroxy-3-nitrobenzyl, 4-hydre@yaminobenzyl,
1-phenylethyl, diphenylmethyl, H-imidazol-4-ylmethyl or H-indol-3-

yimethyl,

together with the carbon atom to which they ayeded form a (32R)-2-
phenylcyclopropane-1,1-diyl group of the formula

7

#\A R

in which
# marks the linkage site with the adjacent nitrogtim,
# marks the linkage site with the group T

is a group of the formula -C(=0)-GRC(=0)-NRR®, -C(=0)-NH-NH-R®
or -CH-O-R",
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in which

R’ is hydrogen, methyl, ethyln-propyl, tert-butyl, benzyl or

adamantylmethyl,
R® is hydrogen or methyl,
R? is hydrogen, methyl, ethyh-propyl or benzyl,
or

R® and R together with the nitrogen atom to which they lasaded form a

4- to 7-membered heterocycle,
R s benzoyl,

R™ is benzyl, which may be substituted in the phegsdup by

methoxycarbonyl or carboxyl,

R® is hydrogen, methyl or a group of the formula
: Y

9 @] 13
#9 _ #9 # R
\/\R12 \/\R12 or \ /
N—N

in which
# marks the linkage site with -CHCRT?,

R'? is phenyl which may be substituted by methoxycarbonyhma/!
or a group of the formula —S(§)H,

R™ is phenyl which may be substituted by methoxycarbonyl or

carboxyl,
R?® is hydrogen or hydroxy,
T? is phenyl, benzyl, H-indol-3-yl or H-indol-3-yImethyl,

R*®  is methyl or hydroxy,
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and also their salts, solvates and solvates of the salts.

Compounds of the invention are the compounds of theularrfl) and their salts, solvates and
solvates of the salts, the compounds of the formulaatiiied below and encompassed by
formula (I), and their salts, solvates and solvates ok#its, and also the compounds identified
below as working examples and encompassed by forfhuknd their salts, solvates and solvates
of the salts, to the extent that the compounds identifiedvb@hal encompassed by formula (1) are

not already salts, solvates and solvates of the salts.

Depending on their structure, the compounds of the tiroremay exist in different stereoisomeric
forms, i.e. in the form of configurational isomers oseswhere appropriate as conformational
isomers (enantiomers and/or diastereoisomers, ingutliose in the case of atropisomers). The
present invention therefore encompasses the enanticemer diastereomers and their respective
mixtures. The stereoisomerically homogeneous constitgantbe isolated from such mixtures of
enantiomers and/or diastereomers in a known way; fir plrpose it is preferred to use

chromatographic processes, more particularly HPLC chiagregbhy on an achiral or chiral phase.

Where the compounds of the invention can occur in tauionierms, the present invention

encompasses all of the tautomeric forms.

The present invention also encompasses all suitable isotapants of the compounds of the
invention. An isotopic variant of a compound of the imi@n is understood here to mean a
compound in which at least one atom within the comgaainthe invention has been exchanged
for another atom of the same atomic number but with fardifit atomic mass from the atomic
mass which occurs commonly or predominantly in nat&veamples of isotopes which can be
incorporated into an inventive compound are those afrdgen, carbon, nitrogen, oxygen,
phosphorus, sulphur, fluorine, chlorine, bromine and dinch asH (deuterium)2H (tritium),
13C, 14C, 15N, 170’ 180’ 32P, 33P, 338, 348, 358, 368, 18F’ 36C|1 szBr’ 123|, 1241, 129 5nd 24, Particular
isotope variants of a compound of the invention, sucma® particularly those in which one or
more radioactive isotopes are incorporated, may Heenéfit, for example, for investigating the
mechanism of action or the distribution of drug in thelypcowing to the comparative ease of
preparation and detectability, compounds labelled Wittor “C isotopes are especially suitable
for these purposes. Furthermore, the incorporationotbes, such as of deuterium, for example,
may lead to certain therapeutic advantages as a comseqaegreater metabolic stability of the
compound, such as an extension to the half-life in thay or a reduction in the active dose
required, for example; such modifications of the compsuwf the invention may therefore, where
appropriate, also constitute a preferred embodimettieopresent invention. Isotopic variants of
the compounds of the invention can be prepared bpribgesses known to the skilled person, as

for example in accordance with the methods describeat lan below and the procedures
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reproduced in the working examples, by using corredipgnisotopic modifications of the

respective reagents and/or starting compounds.

Preferred_salt$n the context of the present invention are physiologicalbeptable salts of the
compounds of the invention. Also encompassed are shlthwlthough themselves not suitable
for pharmaceutical applications may nevertheless be, fisedxample, for isolating or purifying

the compounds of the invention.

Physiologically acceptable salts of the compounds of theniion encompass acid addition salts
of mineral acids, carboxylic acids and sulphonic aciganmples being salts of hydrochloric acid,
hydrobromic acid, sulphuric acid, phosphoric acid, meésulphonic acid, ethanesulphonic acid,
benzenesulphonic acid, toluenesulphonic acid, naphtrditeghonic acid, acetic acid,
trifluoroacetic acid, propionic acid, lactic acid, tartargida malic acid, citric acid, fumaric acid,

maleic acid and benzoic acid.

Physiologically acceptable salts of the compounds ofitlwention also encompass salts of
customary bases, such as, by way of example andrgloéfealkali metal salts (e.g. sodium and
potassium salts), alkaline earth metal salts (e.g. calcinnagnesium salts) and ammonium
salts, derived from ammonia or organic amines having 16 C atoms, such as, by way of
example and preferably, ethylamine, diethylamine, tylathine, ethyldiisopropylamine,

monoethanolamine, diethanolamine, triethanolamine, Wibggylamine, dimethylaminoethanol,
procaine, dibenzylamineN-methylpiperidine, N-methylmorpholine, arginine, lysine and 1,2-

ethylenediamine.

Solvatesin the context of the invention are those forms of thepmunds of the invention that
form a complex in the solid or liquid state througlorbnation with solvent molecules. Hydrates
are one specific form of solvates, in which the coatiom takes place with water. Preferred

solvates in the context of the present invention areatgsdr

Furthermore, the present invention also encompasses psoafrtige compounds of the invention.
The term “prodrugs” here identifies compounds which riiegmselves be biologically active or
inactive but are converted during their residence in thly li@do compounds of the invention (by

metabolism or hydrolysis, for example).

In the context of the present invention the definitioristhee substituents, unless otherwise

specified, are as follows:

(C,-C4)-Alkyl in the context of the invention is a linear or branchiégll @adical having 1 to 4
carbon atoms. By way of example and with preferetie following may be mentioned: methyl,

ethyl, n-propyl, isopropyln-butyl, isobutyl, 1-methylpropyl anirt-butyl.
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Alkanediyl in the context of the invention is a linear,w-divalent alkyl radical having the
particular number of carbon atoms indicated. By wagx@mple and of preference, the following
may be mentioned: methylene, ethane-1,2-diyl (1,2-ethylgepane-1,3-diyl (1,3-propylene),
butane-1,4-diyl (1,4-butylene), pentane-1,5-diyl (1,Btplene), hexane-1,6-diyl (1,6-hexylene),
heptane-1,7-diyl (1,7-hexylene), octane-1,8-diyl (1,Bdece), nonane-1,9-diyl (1,9-nonylene),
decane-1,10-diyl (1,10-decylene).

(Cs-Cy)-Cycloalkyl and_3- to 7-membered carbocycéspectively in the context of the invention is

a monocyclic, saturated cycloalkyl group having 3 to rb@a atoms. By way of example and of
preference, the following may be mentioned: cyclopropytjobutyl, cyclopentyl, cyclohexyl and

cycloheptyl.

The side group of an-amino acidin the definition of B encompasses not only the side groups of

the naturally occurring-amino acids but also the side groups of homologudssamers of these
a-amino acids. Ther-amino acid here may be in the L or D configuratiorelse may be present
as a mixture of the L and D forms. Examples that magiben of side groups are as follows:
methyl (alanine), propan-2-yl (valine), propan-1-yl (raime), 2-methylpropan-1-yl (leucine),
1-methylpropan-1-yl (isoleucine), butan-1-yl (norlew&), tert-butyl (24tert-butylglycine), phenyl
(2-phenylglycine), benzyl (phenylalanine), p-hydroxybg (tyrosine), indol-3-ylmethyl (trypto-
phan), imidazol-4-ylmethyl (histidine), hydroxymethgderine), 2-hydroxyethyl (homoserine),
1-hydroxyethyl (threonine), mercaptomethyl (cysteine)ethylthiomethyl &methylcysteine),
2-mercaptoethyl (homocysteine), 2-methylthioethyl (metimieyy carbamoylmethyl (asparagine),
2-carbamoylethyl (glutamine), carboxymethyl (aspartiédd)ac2-carboxyethyl (glutamic acid),
4-aminobutan-1-yl (lysine), 4-amino-3-hydroxybutan-1-ylydioxylysine), 3-aminopropan-1-yl
(ornithine), 2-aminoethyl (2,4-diaminobutyric acid), amrethyl (2,3-diaminopropionic acid),
3-guanidinopropan-1-yl (arginine), 3-ureidopropan-Lgjtrulline). Preferreda-amino acid side
groups in the definition of R are methyl (alanine), propan-2-yl (valine), 2-methgpan-1-yl
(leucine), benzyl (phenylalanine), imidazol-4-ylmethylisidine), hydroxymethyl (serine),
1-hydroxyethyl (threonine), 4-aminobutan-1-yl (lysine)3-aminopropan-1-yl (ornithine),
2-aminoethyl  (2,4-diaminobutyric  acid), aminomethyl ,3(@iaminopropionic  acid),

3-guanidinopropan-1-yl (arginine). The L configuratismpreferred in each case.

A 4- to 7-membered heterocycie the context of the invention is a monocyclic, saturated

heterocycle having a total of 4 to 7 ring atoms, whichtains one or two ring heteroatoms from
the series N, O, S, SO and/orSd is linked via a ring carbon atom or optionally a nitgbgen

atom. Preference is given to a 5- to 7-membered hgi@ecaving one or two ring heteroatoms

from the series N, O and/or S, more preferably a B-membered heterocychaving one or two

ring heteroatoms from the series N and/or O. By way afrgte, the following may be mentioned:
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azetidinyl, oxetanyl, pyrrolidinyl, pyrazolidinyl, tetrahydwényl, thiolanyl, piperidinyl,
piperazinyl,  tetrahydropyranyl, tetrahydrothiopyranyl, maiptyl,  thiomorpholinyl,
hexahydroazepinyl and hexahydro-1,4-diazepinyl. Prebéereis given to pyrrolidinyl, tetra-
hydrofuranyl, piperidinyl, piperazinyl, tetrahydropytyl and morpholinyl.

In the formula of the group which may be represebied, B, D, G, I, L L R, R, R®, R and R,
respectively, the end point of the line at which thelsyie, *, **, #3 #, #, #, tHf, #HF, #f, >,
woee g4 4P # | # or # is located is not a carbon atom or a,@rbup, but instead is part of the
bond to the atom designated in each case, to which,tBeD, G, I, L% L* R, R, R}, Rlor Ris
bonded.

In the context of the present invention, all radicalsciwhoccur multiply have their definition

independently of one another. If radicals in the compewof the invention are substituted, the
radicals, unless otherwise specified, may be substitutedor more times. Substitution by one or
by two identical or different substituent(s) is preferi@drticularly preferred is substitution by one

substituent.

In the context of the present invention the terms usetbss otherwise specified, have the

following definitions:

The term “linker” is understood in the broadest sensea ahemical unit which comprises a
covalent bond or a series of atoms that links a bindealently to a drug. The term “linker” is
understood preferably as a series of atoms in the sdrike present invention that links a binder
covalently to a drug. Furthermore, linkers may be repiesl, for example, by divalent chemical
units, such as alkyldiyls, aryldiyls, heteroaryldiyls, hetgclyldiyls, dicarbonyl acid esters,

dicarbonyl acid amides.

The term “binder” is understood in the broadest serssa aolecule which binds to a target
molecule which is present on a particular target celufaipn to be addressed with the binder-
drug conjugate. The term “binder” should be understgodts broadest interpretation and
encompasses, for example, lectins, proteins whichable to bind particular sugar chains, or
phospholipid-binding proteins. Such binders comprise, famgte, high molecular mass proteins
(binding proteins), polypeptides or peptides (binding ideg), non-peptidic (e.g. aptamers
(US5,270,163) review article by Keefe AD., et al., N&¢v. Drug Discov. 2010; 9:537-550), or
vitamins) and all other cell-binding molecules or substan@inding proteins are, for example,
antibodies and antibody fragments or antibody mimetics aghfor example, affibodies,

adnectins, anticalins, DARPIns, avimers, nanobodies (reaitisles by Gebauer M. et al., Curr.
Opinion in Chem. Biol. 2009; 13:245-255; Nuttall S.D. et @lurr. Opinion in Pharmacology

2008; 8:608-617). Binding peptides are, for example, tdgaof a ligand-receptor pair, such as
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VEGEF in the ligand-receptor pair VEGF/KDR, such as tiems of the ligand-receptor pair
transferrin/transferrin receptor, or cytokines/cytokieeeptor, such as TNFalpha in the ligand

receptor pair TNFalpha/TNFalpha receptor.

The term “epitope” as used herein encompasses dagndrants of a protein that are able to bind
specifically to an immunoglobulin or T-cell receptor. Sud#terminants commonly consist of
chemically active surface arrangements of moleculed) agcamino acids, carbohydrates or a
combination thereof, for example, which commonly havepecific three-dimensional structure
and also defined charge properties. Two antibodied turthe same epitope if it is shown in a
competitive binding assay format that the first antibody s with the second antibody.

Binding assays of this kind are known to the skilled person

A “target molecule” is understood in the broadest séodme a molecule which is present in the
target cell population, and may be a protein (e.gcapt®r of a growth factor) or a non-peptidic

molecule (e.g. a sugar or phospholipid). Preferablyatrisceptor or an antigen.

The term “extracellular” target molecule describes a targ#ecule which is attached to the cell
and which is located on the outside of a cell or thegfaattarget molecule which is located on the
outside of a cell, i.e. a binder may bind to an intact &eits extracellular target molecule. An
extracellular target molecule may be anchored in thieneembrane or may be part of the cell
membrane. The skilled person knows of methods fantitying extracellular target molecules.
For proteins this may be done via determination of tfamsmembrane domain(s) and the
orientation of the protein in the membrane. This data ieigdly recorded in protein databases

(e.g. SwissProt).

The term “cancer target molecule” describes a targetcutd which is multiply present on one or
more cancer cell types in comparison to non-cancer aetlge same tissue type. The cancer target
molecule is preferably present selectively on one arencancer cell types in comparison to non-
cancer cells of the same tissue type, with “selectivelytrilging an at least twofold accumulation
on cancer cells in comparison to non-cancer cells ofdahee tissue type (a “selective cancer target
molecule”). The use of cancer target molecules allsglsctive therapy of cancer cells with the

conjugates of the invention.

The binder may be linked via a bond to the linker. Tihking of the binder may take place by
means of a heteroatom of the binder. Inventive hetents of the binder that may be used for
linking are sulphur (in one embodiment via a sulphhydjydup of the binder), oxygen (in
accordance with the invention by means of a carboxyhyatroxy group of the binder) and
nitrogen (in one embodiment via a primary or secondanyne group or amide group of the

binder). These heteroatoms may be present in theah&iader or may be introduced by means of
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methods of chemistry or molecular biology. In accordamite the invention, the linking of the
binder to the toxophore has little influence over the bipdintivity of the binder to the target
molecule. In a preferred embodiment the linking hagnfluence on the binding activity of the

binder to the target molecule.

The term “antibody” is understood in accordance with tlesgnt invention in its broadest sense
and encompasses immunoglobulin molecules, examples lmiact or modified monoclonal
antibodies, polyclonal antibodies or multispecific antibodjegy. bispecific antibodies). An
immunoglobulin molecule preferably comprises a mokeduving four polypeptide chains, two
heavy chains (H chains) and two light chains (L chawhich are linked typically by disulphide
bridges. Each heavy chain comprises a variable domatiheoheavy chain (abbreviated to VH)
and a constant domain of the heavy chain. The constamiain of the heavy chain may
encompass, for example, three domains CH1, CH2 ar8i E&th light chain comprises a variable
domain (abbreviated to VL) and a constant domain. @tmstant domain of the light chain
comprises one domain (abbreviated to CL). The VH ¥h domains may be further subdivided
into regions having hypervariability, also called completagty-determining regions (abbreviated
to CDR), and regions having a low sequence variabilftaifiework region”, abbreviated to FR).
Each VH and VL region is typically composed of threeR3and up to four FRs. For example, in
the following order from the amino terminus to the cagbterminus: FR1, CDR1, FR2, CDR2,
FR3, CDR3, FR4. An antibody may be obtained from amcigs suitable for the antibody, such
as, for example, rabbit, llama, camel, mouse or mabne embodiment the antibody is of human or

murine origin. An antibody may for example be humamaized or chimeric.

The term “monoclonal” antibody identifies antibodies whiave been obtained from a population
of substantially homogeneous antibodies, i.e. individnéibadies of the population are identical
except for naturally occurring mutations which may ocaéursmall numbers. Monoclonal
antibodies recognize a single antigenic binding site whigh specificity. The term “monoclonal

antibody” does not refer to a particular productiorihrod.

The term “intact” antibody refers to antibodies which poise not only an antigen-binding
domain but also the constant domain of the light and hela&in. The constant domain may be a
naturally occurring domain, or a variant thereof in whacplurality of amino acid positions have

been altered.

The term “modified intact” antibody refers to intact antles which have been fused with another
polypeptide or protein, not originating from an antibogliig the amino terminus or carboxyl
terminus thereof, by means of a covalent bond (egemide linkage). Furthermore, antibodies
may be modified by introducing reactive cysteines at ddfifocations, in order to facilitate
coupling to a toxophore (see Junutula et al. Nat Bioteicl2008 Aug;26(8):925-32).
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The term “human” antibody identifies antibodies which barobtained from a human being or are
synthetic human antibodies. A “synthetic” human antibisdgin antibody which in parts or as a
whole is obtainable from synthetic sequenicesilico which are based on the analysis of human
antibody sequences. A human antibody may be encéateeixample, by a nucleic acid which has
been isolated from a library of antibody sequenceshvare of human origin. One example of
such antibodies can be found in Soderlind et al., N&iotech. 2000, 18:853-856.

The term “humanized” or “chimeric” antibody describesitasdies which consist of a non-human
and of a human sequence component. In these antibgdigsof the sequences of the human
immunoglobulin (recipient) is replaced by sequenaammnents of a non-human immunaoglobulin
(donor). In many cases the donor is a murine immutedin. With humanized antibodies, amino
acids of the CDR in the recipient are replaced bynaraicids of the donor. In some cases, amino
acids of the framework as well are replaced by comeding amino acids of the donor. In some
cases the humanized antibody contains amino acids wiich present neither in the recipient nor
in the donor and which were inserted during the optinopatif the antibody. In the case of
chimeric antibodies, the variable domains of the donamunoglobulin are fused with the constant

regions of a human antibody.

The term complementarity-determining region (CDR) asduhere refers to those amino acids in a
variable antibody domain that are necessary for bgndinthe antigen. Every variable region
typically has three CDR regions, identified as CDR1,R20and CDR3. Each CDR region may
comprise amino acids according to the definition of Kabai@ amino acids of a hypervariable
loop, defined according to Chotia. The definition acoagdo Kabat encompasses, for example,
the region of approximately amino acid position 244-(BDR1), 50 — 56 (CDR2) and 89 — 97
(CDR3) of the variable light chain and 31 — 35 (CDR1);-58b (CDR2) and 95 — 102 (CDR3) of
the variable heavy chain (Kabat et al., Sequences of Psadéilmmulological Interest, 5th Ed.
Public Health Service, National Institutes of Health, BalhesdvID. (1991)). The definition
according to Chotia encompasses, for example, the regiapproximately amino acid position
26 — 32 (CDR1), 50 — 52 (CDR2) and 91 — 96 (CDR3)he variable light chain and 26 — 32
(CDR1), 53 — 55 (CDR2) and 96 — 101 (CDR3) of thealde heavy chain Chothia and Lesk; J
Mol Biol 196: 901-917 (1987)). In some cases a CDR omyprise amino acids from one CDR
region as defined by Kabat and Chotia.

Depending on the amino acid sequence of the constamtid of the heavy chain, antibodies may
be divided into different classes. There are five maissea of intact antibodies: IgA, IgD, IgE,
IgG and IgM, and a number of them may be brokenrdowo further subclasses (isotypes), e.g.

1gG1, IgG2, IgG3, 1gG4, IgAl and IgA2. The constaatrdins of the heavy chain that correspond
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to the different classes are identified as [alphaldelta®], [epsilon£], [gammay] and [mufy].

Both the three-dimensional structure and the subunttsielof antibodies are known.

The term “functional fragment” or “antigen-binding antibodyragments” of a
antibody/immunoglobulin is defined as a fragment of anbadi/immunoglobulin (e.g. the
variable domains of an IgG) which further encompadbesantigen binding domains of the
antibody/immunoglobulin. The “antigen binding domain” of amtibody typically encompasses
one or more hypervariable regions of an antibody, thg.CDR, CDR2 and/or CDR3 region.
However, the “framework” or “scaffold” region of amtibody may also play a part with regard to
the binding of the antibody to the antigen. The fraowwegion forms the scaffold for the CDRs.
The antigen-binding domain preferably encompassesaat amino acids 4 to 103 of the variable
light chain and amino acid 5 to 109 of the variable hednagin, more preferably amino acid 3 to
107 of the variable light chain and 4 to 111 of the varidbkevy chain, particular preference being
given to the complete variable light and heavy chainsairéno acid 1 — 109 of the VL and 1 to
113 of the VH (numbering according to WO97/08320).

“Functional fragments” or “antigen-binding antibody fnregnts” of the invention encompass, non-
conclusively, Fab, Fab’, F(ak’and Fv fragments, diabodies, Single Domain Antibodiesb®A
linear antibodies, individual chains of antibodies (singjlate Fv, abbreviated to ScFv); and
multispecific antibodies, such as bi and tri-specifictanties, for example, formed from antibody
fragments C. A. K Borrebaeck, editor (1995) Antibdghygineering (Breakthroughs in Molecular
Biology), Oxford University Press; R. Kontermann & Sudbel, editors (2001) Antibody
Engineering (Springer Laboratory Manual), Springer Verlagintibodies other than
“multispecific” or “multifunctional” antibodies are thoseaving identical binding sites.
Multispecific antibodies may be specific for different epdée of an antigen or may be specific for
epitopes of more than one antigen (see, for exampleQ8/Tr715; WO 92/08802; WO 91/00360;
WO 92/05793; Tutt, et al., 1991, J. Immunol. 147:60B9S. Pat. Nos. 4,474,893; 4,7 14,68 1,
4,925,648; 5,573,920; 5,601,8 19; or Kostelny et @921 J. Immunol. 148: 1547 1553). An
F(ab’), or Fab molecule may be constructed such that the nuaflkietermolecular disulphide
interactions occurring between the Chl and the CLailagncan be reduced or else completely

prevented.

“Functional fragments” or “antigen-binding antibody fragts#nmay be fused with another
polypeptide or protein, not originating from an antibogliig the amino terminus or carboxyl
terminus thereof, by means of a covalent bond (epgemide linkage). Furthermore, antibodies
and antigen-binding fragments may be modified by introdudieactive cysteines at defined
locations, in order to facilitate coupling to a toxoph(see Junutula et al. Nat Biotechnol. 2008
Aug;26(8):925-32).
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Polyclonal antibodies can be prepared by methods kriovenperson of ordinary skill in the art.

Monoclonal antibodies may be prepared by methods kriovenperson of ordinary skill in the art

(Kohler and Milstein, Nature, 256, 495-497, 1975). Huraad humanized monoclonal antibodies
may be prepared by methods known to a person of amdiskill in the art (Olsson et al., Meth

Enzymol. 92, 3-16 or Cabilly et al US 4,816,567 os8et al US 4,816,397).

A person of ordinary skill in the art is aware of dseemmethods for preparing human antibodies
and fragments thereof, such as, for example, by meértsansgenic mice (N Lonberg and
D Huszar, Int Rev Immunol. 1995;13(1):65-93) or PhBggplay Technologies (Clackson et al.,
Nature. 1991 Aug 15;352(6336):624-8). Antibodies of theention may be obtained from
recombinant antibody libraries consisting for example tloé amino acid sequences of a
multiplicity of antibodies compiled from a large numlmrhealthy volunteers. Antibodies may
also be produced by means of known recombinant DdAntgogies. The nucleic acid sequence
of an antibody can be obtained by routine sequendirig available from publically accessible

databases.

An “isolated” antibody or binder has been purified to ogen other constituents of the cell.
Contaminating constituents of a cell which may interfeith & diagnostic or therapeutic use are,
for example, enzymes, hormones, or other peptidic orpeptidic constituents of the cell. A
preferred antibody or binder is one which has beeifigdito an extent of more than 95%, relative
to the antibody or binder (determined for example bwity method, UV-Vis spectroscopy or by
SDS capillary gel electrophoresis). Furthermore an antilbddgh has been purified to such an
extent that it is possible to determine at least 15 aragids of the amino terminus or of an
internal amino acid sequence, or which has been pitididhvomogeneity, the homogeneity being
determined by SDS-PAGE under reducing or non-reduanogditions (detection may be
determined by means of Coomassie Blau staining or pigfeby silver coloration). However, an

antibody is normally prepared by one or more purificastaps.

The term “specific binding” or “binds specifically” refeto an antibody or binder which binds to a
predetermined antigen/target molecule. Specific bindifhgaro antibody or binder typically
describes an antibody or binder having an affinitytoleast 10 M, with the antibody or binder
having an at least two times higher affinity for thegetermined antigen/target molecule than for
a non-specific antigen/target molecule (e.g. bovinesealbumin, or casein) which is not the

predetermined antigen/target molecule or a closelyalantigen/target molecule.

Antibodies which are specific against a cancer cell ant@pn be prepared by a person of ordinary
skill in the art by means of methods with which he or ghéamiliar (such as recombinant
expression, for example) or may be acquired comnibrdias for example from Merck KGaA,

Germany). Examples of known commercially available adlids in cancer therapy are Erbitux®
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(cetuximab, Merck KGaA), Avastin® (bevacizumab, Rocla)d Herceptin® (trastuzumab,
Genentech). Trastuzumab is a recombinant humanizedatooiab antibody of the IgGlkappa type
which in a cell-based assay (Kd = 5 nM) binds the erthalar domains of the human epidermal

growth receptor with high affinity. The antibody is puogd recombinantly in CHO cells.

A preferred subject of the invention are binder-drogjegates of the general formula (la) in

which
n is a number from 1 to 50,
AK is AK; or AK,

where

AK; is a binder which binds FGFR2 and is bonded via a sulgtmn of the binder to
the group G,

AK, is a binder which binds FGFR2 and is bonded via a nitregem of the binder to
the group G,

G when AK = AK, is a group of the formula

o 0 HO
#- #- N,#2 o
H
N—# H # N—#
@)
o ’ OH ’ ©
2
#
1
o # /ﬁ(
@)
where
# marks the linkage site with the sulphur atom oftieler,

# marks the linkage site with the group L
or

when AK = AK;, is carbonyl,
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L! is a bond, linear (f2C,o)-alkanediyl, a group of the formula
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1 2
##\/\Eo/\/}ﬁ## or H— LB L

where
m is a number from 2 to 6,
5 ##'  marks the linkage site with the group G,

HE marks the linkage site with the group B,
L is linear (G-Cyo)-alkanediyl,

B! is a group of the formula

0 0 o
5
#H )k ##° Jk L2 )k A
N Nig 4 N~ N L
| 29 | 30 | 31 | 32

R R R R

s #HH
O r N
# S

10 in which
##°  marks the linkage site with the grouff'L
##°  marks the linkage site with the grouffL
L® is a bond or (§C,)-alkanediyl,

L® is a bond or a group of the formula

15

in which

33
R
s HN
8 8
(@] Hit or
R* O
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LlB

##'  marks the linkage site with the carbonyl group,
##°  marks the linkage site with'f,

R* is hydrogen, (&Cy)-alkylcarbonyl, tert-butyloxycarbonyl or

benzyloxycarbonyl,
R*  is hydrogen or methyl,
R®  is hydrogen or (GC,)-alkyl,
R*  is hydrogen or (GC,)-alkyl,
or

R®and R°  together with the atoms to which they are boniedh a 5- or 6-

membered heterocycle,
R*  is hydrogen or (GC,)-alkyl,
R*  is hydrogen or (GC,)-alkyl,
or

R*and R?  together with the atoms to which they are bonfbech a 5- or 6-

membered heterocycle,
is linear (G-Cyo)-alkanediyl,
and

where (G-Cyo)-alkanediyl may be substituted by 1 to 4 substitseselected
independently of one another from the group coimgjsdf methyl, hydroxy and

benzyl,
and

where two carbon atoms of the alkanediyl chaid,®y 1,3 or 1,4-relation to one
another, with inclusion of any carbon atoms sitdabetween them, may be

bridged to form a (6&Cs)-cycloalkyl ring or a phenyl ring,

B is a bond or a group of the formula
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O O 0O O
" )k *% )k L3 )‘k *% )L Neo) *%
\ITI ITl/ . ITI/ \lTl L4/ . Ql Y
R14 R15 R16 R17 0
20
R 0
% le *k % |1l *k . ok
Y LT '
0 1 R18 R19 o) 1 R21 R22 H ,
36
0] O ~R
HN
)L @] *k )k ** Or
I G "
H R% R |27 * Y
@] 1 R R
where
* marks the linkage site with'|
5 i marks the linkage site with?,
P is O or NH,

L3 is a bond or (§C,)-alkanediyl,

L* is a bond or a group of the formula
28
R
J\/O Fokkk or kk Fkkk
**k%
R25 I‘( O
10 in which

***  marks the linkage site with the carbonyl gmu
w0+ marks the linkage site with f,

R®  is hydrogen or methyl,



10

15

20

25

WO 2013/087716 - 26 - PCT/EP2012/075277

RlS

or

R is hydrogen, (&Cy-alkylcarbonyl, tert-butyloxycarbonyl or

benzyloxycarbonyl,
is a 4- to 7-membered heterocycle,
is a 3- to 7-membered carbocycle or a 4- to 7-neaheterocycle,
is hydrogen or (&Cy)-alkyl,

is hydrogen or (&Cy)-alkyl,

R“and R®  together with the atoms to which they are borfdeah a 5- or 6-membered

RlG

Rl7

or

heterocycle,
is hydrogen or (GCy)-alkyl,

is hydrogen or (&Cy)-alkyl,

R®and R’  together with the atoms to which they are borfdeah a 5- or 6-membered

RlB

R19

RZO

or

heterocycle,
is hydrogen or (ECy)-alkyl,

is hydrogen or the side group of a naturedmino acid or of its homologues or

isomers,

is hydrogen or (GCy)-alkyl,

R¥and B®  together with the atoms to which they are borfdeah a pyrrolidinyl ring,

RZl

R22

or

is hydrogen or (&Cy)-alkyl,

is hydrogen or (&Cy)-alkyl,

R*and B?  together with the atoms to which they are bondethfa 3- to 7-membered

carbocycle,
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R® s (C-Cy)-alkyl,

R*  is hydrogen or (GC,)-alkyl,

R”  is hydrogen or (§C,)-alkyl,

R* is hydrogen, (&Cy)-alkylcarbonyl, tert-butyloxycarbonyl or benzylawarbonyl,
R s hydrogen or methyl,

or

R*and R’ together with the atoms to which they are bondedn a

pyrrolidine ring,

is linear (G-C,p)-alkanediyl or is a group of the formula

##?’\/\P o /\/]6##4

where
p is a number from 2 to 6,
##°  marks the linkage site with the group B,

#H marks the linkage site with the nitrogen atom,

where (G-C,g)-alkanediyl may be substituted by 1 to 4 substitsselected independently

of one another from the group consisting of methyfjroxy and benzyl,
and

where two carbon atoms of the alkanediyl chain,i) 1,3 or 1,4-relation to one another,
with inclusion of any carbon atoms situated betw#®m, may be bridged to form a

(Cs-Ce)-cycloalkyl ring or a phenyl ring,

is a group of the formula
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A 3 1 #3 R
_O # T
N >< or
# R® R’ 26 2
e} ) R T
R" R’
in which
# marks the linkage site with the nitrogen atom,

R is hydrogen or methyl,

5 R? is isopropyl, isobutyl,secbutyl, tert-butyl, phenyl, benzyl, 1-hydroxyethyl, 4-
hydroxybenzyl, 4-hydroxy-3-nitrobenzyl, 4-hydroxyaginobenzyl, 1-phenyl-
ethyl, diphenylmethyl, H-imidazol-4-ylmethyl or H-indol-3-ylmethyl,

or

R'and R together with the carbon atom to which they ayeded form a (32R)-2-
10 phenylcyclopropane-1,1-diyl group of the formula

4

Ha

3

"

in which
# marks the linkage site with the adjacent nitrogtm,
# marks the linkage site with the carbonyl group,

15 the ring A with the N-O moiety present thereinaismono- or bicyclic, optionally

substituted heterocycle of the formula
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LT
\
O
2/3
\

O

\

o

=
Z-0

I I ’II I
#o # o, # #
in which
# marks the linkage site with the carbonyl group,

R is hydrogen, hydroxy or benzyloxy,
R is hydrogen or methyl,

R is isopropyl, isobutyl,secbutyl, tert-butyl, phenyl, benzyl, 1-hydroxyethyl, 4-
hydroxybenzyl, 4-hydroxy-3-nitrobenzyl, 4-hydroxyaginobenzyl, 1-phenyl-
ethyl, diphenylmethyl, H-imidazol-4-ylmethyl or H-indol-3-ylmethyl,

or

R*and R together with the carbon atom to which they ayeded form a (32R)-2-
phenylcyclopropane-1,1-diyl group of the formula

7

#\z R

in which
# marks the linkage site with the adjacent nitrogtm,
# marks the linkage site with the grouh T

T is a group of the formula -C(=0)-OR-C(=0)-NRR®, -C(=0)-NH-NH-R® or
-CH,-O-R™,

in which
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5
10

R5
15

R26
20 T?

R’ is hydrogen, methyl, ethyl,n-propyl, tert-butyl, benzyl or

adamantylmethyl,
R? is hydrogen or methyl,
R’ is hydrogen, methyl, ethyh-propyl or benzyl,
or

R®and R together with the nitrogen atom to which they boaded

form a 4- to 7-membered heterocycle,
R s benzoyl,

R'™ is benzyl, which may be substituted in the phegsdup by

methoxycarbonyl or carboxyl,

is hydrogen, methyl or a group of the formula

0, 0
0 T \Y
#\/O #\/S ’

O 13
9 9 # R
#\/\Rlz #\/\R12 or \< W/
N—N

in which
# marks the linkage site with -CHC{RT?,

R'2 is phenyl which may be substituted by methoxycayhocarboxyl or a

group of the formula —S(GQH,
R is phenyl which may be substituted by methoxycaybor carboxyl,
is hydrogen or hydroxy,

is phenyl, benzyl, H-indol-3-yl or H-indol-3-ylmethyl,

R*®  is methyl or hydroxy,
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and also their salts, solvates and solvates ofdtis.

Preferred subject of the invention are binder-droigjugates of the general formula (la) in which

AK

Ll

is a number from 1 to 20,
is AK; or AK,
where

AK; is a binder which binds FGFR2 and is bonded v@aghiphur atom of a cysteine

residue of the binder to the group G,

AK, is a binder which binds FGFR2 and is bonded vieaNiH side group of a lysine

residue of the binder to the group G,

when AK = AK, is a group of the formula

O
#1
N—#°
O
in which
# marks the linkage site with the cysteine residughetbinder,

# marks the linkage site with the group L
or
when AK = AK,, is carbonyl,

is a bond, linear (£Ce)-alkanediyl, a group of the formula

1 2
H \/\Eo/\/]ﬁ]## or  apt—|plo Bu?

where

m is a number from 2 to 6,



WO 2013/087716 -32- PCT/EP2012/075277

##'  marks the linkage site with the group G,
HE marks the linkage site with the group B,

LY s linear (G-Cg)-alkanediyl,

B' is a group of the formula
@) O O
5
# )k ##° Jk I )k A
R29 R30 ’ R3l R32
S _HH°
or 57 N
5 #it S
in which
##°  marks the linkage site with the group'L
##°  marks the linkage site with the grouf’L
L° is a bond,
10 L® is a bond or a group of the formula
33
R
HNT HN .
o _## or >/~—##8
7 '
#H# o
R* O
in which
##'  marks the linkage site with the carbonyl group,
##°  marks the linkage site with'f,
15 R*®  is hydrogen, methylcarbonyl or tert-butyloxycarpion

R*  is hydrogen or methyl,

R® s hydrogen,
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R* s hydrogen,
R is hydrogen or methyl,
R*®  is hydrogen or methyl,
L™ s linear (G-Cg)-alkanediyl,
5 and
where (G-C¢)-alkanediyl may be substituted by 1 or 2 methyistituents,

B is a bond or a group of the formula

0] 0]
* )k * )k R )k ** O -
\N N/ N/ ~ 4” *
|l4 |15

R R R R O

36
R
i i
*%

. N/ or (e} *%

P g

R R37 o
where

10 * marks the linkage site with'_

i marks the linkage site withd.

L? is a bond or ethane-1,2-diyl,

L is a bond or a group of the formula



10

15

20

WO 2013/087716 -34 - PCT/EP2012/075277

28

R
e HN
N J}o
JY O T**** or Skh >_****
**k%
0]
R® 0

in which
***  marks the linkage site with the carbonyl gmu
= marks the linkage site with f,
R® is hydrogen or methyl,
R®  is hydrogen, methylcarbonyl or tert-butyloxycarpion
Q' is a 4- to 7-membered heterocycle,
R"“  is hydrogen,
R™ s hydrogen,
R is hydrogen or methyl,
RY  is hydrogen or methyl,
or
R®and R’  together with the atoms to which they are borfdeuh a piperazinyl ring,
R®  is hydrogen,
R" is hydrogen, methyl, propan-2-yl , 2-methylprodawt or 1-methylpropan-1-yl,
R® is hydrogen or methyl,
or
RYand B°  together with the atoms to which they are borfdea a pyrrolidinyl ring,
R® s hydrogen or methyl,
R? s hydrogen or methyl,

or
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R and R?  together with the atoms to which they are bonaemhfa cyclopropyl ring,

R® s methyl,

R*  is hydrogen or methyl,

R s hydrogen,

R* s hydrogen, methylcarbonyl or tert-butyloxycariion

R*  is hydrogen or methyl,

or

R* and R’ together with the atoms to which they are bondexhfa pyrrolidine ring,

L? is linear (G-Cg)-alkanediyl or is a group of the formula

##?’\/\P o /\/]6##4

where

p is a number from 2 to 6,

##°  marks the linkage site with the group B,

#H marks the linkage site with the nitrogen atom,

where (G-C,g)-alkanediyl may be substituted by 1 or 2 methystituents,

is a group of the formula

A 1 #2 R’
_0 # T
N < or
# R® R
o R T?
R' R’



10

15

WO 2013/087716 -36 - PCT/EP2012/075277

# marks the linkage site with the nitrogen atom,

R is hydrogen,

R? is 1-hydroxyethyl, benzyl, 4-hydroxybenzyl, 1-pkkathyl or H-indol-3-ylmethyl,
or

R'and R together with the carbon atom to which they ayeded form a (32R)-2-
phenylcyclopropane-1,1-diyl group of the formula

4

Ha

3

"

in which
# marks the linkage site with the adjacent nitrogeom,
# marks the linkage site with the carbonyl group,

the ring A with the N-O moiety present thereinaismono- or bicyclic, optionally

substituted heterocycle of the formula

6
Z O Q £ o o [&
N Nig -
|6 |6 6

7
N N
| |
# , # , # #
in which
# marks the linkage site with the carbonyl group,

R® is hydrogen, hydroxy or benzyloxy,
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R’

R

or

is hydrogen,

is 1-hydroxyethyl, benzyl, 4-hydroxybenzyl, 1-pkikathyl or H-indol-3-ylmethyl,

R®and R together with the carbon atom to which they ayeded form a (32R)-2-

10

15

20

phenylcyclopropane-1,1-diyl group of the formula

in which
# marks the linkage site with the adjacent nitrogeom,
# marks the linkage site with the group T

is a group of the formula -C(=0)-GR-C(=0)-NRR®, -C(=0)-NH-NH-R® or
-CH,-O-R",

in which

R’ is hydrogen, methyl, ethyl, n-propyl, tert-butyl, benzyl or

adamantylmethyl,
R is hydrogen or methyl,
R is hydrogen, methyl, ethyh-propyl or benzyl,
or

R®and R together with the nitrogen atom to which they boaded form a

4- to 7-membered heterocycle,

R  is benzoyl,
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R'" is benzyl, which may be substituted in the phermgioup by

methoxycarbonyl or carboxyl,

2% is hydrogen, methyl or a group of the formula
: . A
#\/O #\/S ,

9 @] 13
9 9 # R
#\/\Rlz #\/\RlZ or \( W/
N—N

in which
# marks the linkage site with -CHC{RT?,

R'2 is phenyl which may be substituted by methoxycaybocarboxyl or a

group of the formula —S(@pH,
R is phenyl which may be substituted by methoxycaybor carboxyl,
R®  is hydrogen or hydroxy,
T is phenyl, benzyl, H-indol-3-yl or H-indol-3-ylmethyl,
R®*®  is methyl or hydroxy,
and also their salts, solvates and solvates oddlis.

Preferred subject matter of the invention are himtitag conjugates of the general formula (la), in

which
n is a number from 1 to 10,
AK is AK; or AK,

where

AK; is a binder which binds FGFR2 and is bonded veaghiphur atom of a cysteine
residue of the binder to the group G,

AK, is a binder which binds FGFR2 and is bonded veaNiH side group of a lysine

residue of the binder to the group G,
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G
5
Ll
10
15
B

when AK = AK, is a group of the formula

O
#1
N—#
O
in which
# marks the linkage site with the cysteine residuthefbinder,

# marks the linkage site with the group L
or
when AK = AK,, is carbonyl,

is a bond, linear (£C¢)-alkanediyl, a group of the formula

where

m is a number 2 or 3,

##'  marks the linkage site with the group G,

HE marks the linkage site with the group B,

where (G-Cg)-alkanediyl may be substituted by 1 or 2 methyistituents,

is a bond or a group of the formula
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R O
O O
SN AN
r2 R H H RZ R 5
where
* marks the linkage site with'lL
*x marks the linkage site with4,
5 L3 is a bond or ethane-1,2-diyl,
L* is a bond or a group of the formula
28
R
J\/O Fokkk or Skh Fkkk
*k%k
R25 I( O
in which
***  marks the linkage site with the carbonyl gmu
10 **  marks the linkage site with £,

R®  is methyl,
R is hydrogen, methylcarbonyl or tert-butyloxycarpbn
Q' is piperidine-1,4-diyl,
R is hydrogen or methyl,
15 RY  is hydrogen or methyl,

or
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R®and R’  together with the atoms to which they are bonfech a piperazinyl ring,

R*  is hydrogen or methyl,

R?  is hydrogen or methyl,

or

R and R?  together with the atoms to which they are bonaeuhfa cyclopropyl ring,
R®  is methyl,

R*  is hydrogen,

is linear (G-Cg)-alkanediyl or is a group of the formula

##?’\/\P o /\/]6##4

where

p is a number from 2 to 6,

##°  marks the linkage site with the group B,

#H marks the linkage site with the nitrogen atom,

is a group of the formula
0 BT
e
N
X, oo

where
# marks the linkage site with the nitrogen atom,
R is hydrogen,

R? is 1-hydroxyethyl, benzyl, 4-hydroxybenzyl, 1-plkathyl or IH-indol-3-ylmethyl,
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or

R'and R together with the carbon atom to which they aeded form a (32R)-2-
phenylcyclopropane-1,1-diyl group of the formula

4

Ha

3

"

5 in which
# marks the linkage site with the adjacent nitrogam,
# marks the linkage site with the carbonyl group,

the ring A with the N-O moiety present thereinaismono- or bicyclic, optionally

substituted heterocycle of the formula

R6
N N” N~
|6 |6

o]
|
| !
6 6
10 # , # , # #
in which
# marks the linkage site with the carbonyl group,
R is hydrogen, hydroxy or benzyloxy,
R? is hydrogen,
15 R is benzyl, 4-hydroxybenzyl, 1-phenylethyl dd-indol-3-yImethyl,

or

RPand R together with the carbon atom to which they aveded form a ($,2R)-2-
phenylcyclopropane-1,1-diyl group of the formula
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5 T
10

R5
15
20

-43 - PCT/EP2012/075277

in which

# marks the linkage site with the adjacent nitrogenm,

# marks the linkage site with the group T

is a group of the formula -C(=0)-ORC(=0)-NRR® or -CH-O-R",
in which

R’ is hydrogen, methyl, ethyln-propyl, tert-butyl, benzyl or

adamantylmethyl,
R® is hydrogen or methyl,
R’ is hydrogen, methyl, ethyh-propyl or benzyl,

R is benzyl, which may be substituted in the pheggbup by

methoxycarbonyl or carboxyl,

is hydrogen, methyl or a group of the formula

in which
# marks the linkage site with —-CHGbhenyl,

R'? is phenyl which may be substituted by methoxycayhacarboxyl
or a group of the formula —S(E@H,

R™ is phenyl which may be substituted by methoxycayboor

carboxyl,

R** is methyl or hydroxy,
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and also their salts, solvates and solvates ofdtis.

Preferred subject matter of the present inventrerbander-drug conjugates of the general formula

(1a), in which
n is a number from 1 to 10,
5 AK is AK,
where

AK, is a binder which binds FGFR2 and is bonded v@&aNiH side group of a lysine

residue of the binder to the group G,

G is carbonyl,
10 L*! is a bond,
B is a bond,
L? is linear (G-Cg)-alkanediyl or is a group of the formula

##Mo /\/]5##4

where
15 p is a number 2 or 3,
##°  marks the linkage site with the group B,
#Hf marks the linkage site with the nitrogen atom,

D is a group of the formula

20 where
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# marks the linkage site with the nitrogen atom,
R is hydrogen,

R? is benzyl, 4-hydroxybenzyl otHtindol-3-ylmethyl,
or

5 R'and B together with the carbon atom to which they ayeded form a (32R)-2-
phenylcyclopropane-1,1-diyl group of the formula

4

#: o

in which
# marks the linkage site with the adjacent nitrogenm,
10 # marks the linkage site with the carbonyl group,

the ring A with the N-O moiety present thereinaismono- or bicyclic, optionally

substituted heterocycle of the formula

|
5

in which
15 # marks the linkage site with the carbonyl group,
R is hydrogen,
R is benzyl, 4-hydroxybenzyl otHtindol-3-ylmethyl,
or

R*and R together with the carbon atom to which they aveded form a ($,2R)-2-
20 phenylcyclopropane-1,1-diyl group of the formula
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in which
# marks the linkage site with the adjacent nitrogenm,
# marks the linkage site with the grouh T
5 T is a group of the formula -C(=0)-ORr -C(=0)-NRR®
in which

R’ is hydrogen, methyl, ethyl, n-propyl, tert-butyl, benzyl or

adamantylmethyl,
R is hydrogen,
10 R is hydrogen or benzyl,
R*®  is methyl,
and also their salts, solvates and solvates ofdtis.

Preferred subject matter of the invention are hirtitag conjugates of the general formula (la), in

which
15 n is a number from 1 to 10,
AK is AK 4,

where

AK; is a binder which binds FGFR2 and is bonded veaghiphur atom of a cysteine

residue of the binder to the group G,

20 G is a group of the formula
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5 L!
10
B
15

O
#l
N—#’
O
where
# marks the linkage site with the cysteine residughefbinder,

# marks the linkage site with the group L

is a bond, linear (£Cs)-alkanediyl or a group of the formula

##\/\f /\/}/##2
@) m

where

m is a number 2 or 3,

##'  marks the linkage site with the group G,

HE marks the linkage site with the group B,

where (G-Cs)-alkanediyl may be substituted by 1 or 2 methyistituents,

is a bond or a group of the formula

R
where
* marks the linkage site with'L
i marks the linkage site with?,

L3 is a bond or ethane-1,2-diyl,

L* is a bond or a group of the formula
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28

R

HN™

JYO *kkk

*kk Y
R® O
in which

5
10
L2
15
D

***  marks the linkage site with the carbonyl gmu

= marks the linkage site with f,

R®  is methyl,

PCT/EP2012/075277

R®  is hydrogen, methylcarbonyl or tert-butyloxycarpion

R is hydrogen or methyl,
R  is hydrogen or methyl,

or

R®and R’  together with the atoms to which they are bonfech a piperazinyl ring,

is linear (G-Cs)-alkanediyl or is a group of the formula

##MO /\46##4

where

p is a number 2 or 3,

##°  marks the linkage site with the group B,

#Hf marks the linkage site with the nitrogen atom,

is a group of the formula
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where
# marks the linkage site with the nitrogen atom,
R is hydrogen,

5 R is benzyl, 4-hydroxybenzyl otHtindol-3-ylmethyl,
or

R'and R together with the carbon atom to which they ayeded form a (32R)-2-
phenylcyclopropane-1,1-diyl group of the formula

4

Ha

>

"

10 in which
# marks the linkage site with the adjacent nitrogtom,
# marks the linkage site with the carbonyl group,

the ring A with the N-O moiety present thereinaismono- or bicyclic, optionally

substituted heterocycle of the formula

s
15 #

in which
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# marks the linkage site with the carbonyl group,
R is hydrogen,
R is benzyl, 4-hydroxybenzyl otHtindol-3-ylmethyl,
or

5 R®and R together with the carbon atom to which they ayeded form a (32R)-2-
phenylcyclopropane-1,1-diyl group of the formula

7

# \z ‘\\\#8

in which
# marks the linkage site with the adjacent nitrogenm,
10 # marks the linkage site with the group T
T is a group of the formula -C(=0)-ORr -C(=0)-NRR®,
in which

R’ is hydrogen, methyl, ethyl, n-propyl, tert-butyl, benzyl or

adamantylmethyl,
15 R is hydrogen,
R’ is hydrogen or benzyl,
R*®  is methyl,
and also their salts, solvates and solvates ofdtis.

Additionally preferably provided by the presentention is a binder-drug conjugate as described
20 above, where the binder comprises the amino acjdesee of the variable light and heavy chains
of the antibody M048-D01-hlgG1-b, reproduced in SBQNO: 14 (VI) and SEQ ID NO: 13 (Vh),
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the amino acid sequence of the light and heavyncludi the antibody M048-D01-higG1-b
reproduced in SEQ ID NO: 9 (light chain) and SEQND: 10 (heavy chain).

Additionally provided by the present invention ammpounds of the formula (XXXa)

o H,C R35

Cys
N—Ll—B—LZ—Il\l ;
CH, O /-\
) H,C H, H,
(XXXa),
in which
Cys is a cysteine residue which is bonded via thphsir atom of the side chain to a carbon
atom of the succinimide,

Lt is a bond, linear (f=C,¢)-alkanediyl, a group of the formula

1 2
ik \/\Eo/\/]fn## or  apt— |l B

where

m is a number from 2 to 6,

##'  marks the linkage site with the group G,
HE marks the linkage site with the group B,

L is linear (G-Cyo)-alkanediyl,

B' is a group of the formula
0] 0] O
##iN)kN/##(a o ##SJkN/LS\N)kLG/#f
|R29 |R30 |R3l |R32
in which

##°  marks the linkage site with the grouf’L
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##°  marks the linkage site with the grouffL
L® is a bond or (§C,)-alkanediyl,

L® is a bond,

R®  is hydrogen or (GC,)-alkyl,

R®  is hydrogen or (GC,)-alkyl,

or

R®and R°  together with the atoms to which they are bonfedh a 5- or 6-

membered heterocycle,
R is hydrogen or (GC,)-alkyl,
R*?  is hydrogen or (§C,)-alkyl,
or

R*and B>  together with the atoms to which they are bonfieth a 5- or 6-

membered heterocycle,
L™  is linear (G-Cyo)-alkanediyl,
and

where (G-C,g)-alkanediyl may be substituted by 1 to 4 substitsiselected independently

of one another from the group consisting of methytiroxy and benzyl,
and

where two carbon atoms of the alkanediyl chaif,®y 1,3 or 1,4-relation to one another,
with inclusion of any carbon atoms situated betwtem, may be bridged to form axC

Ce)-cycloalkyl ring or a phenyl ring,

B is a bond or a group of the formula
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0 o) o)
* )k h )k 3 )k -
N7 N7 . N~ N Lt
| 14 |Rl5 | 16 | 17
o) o)

*%* *%
*)'L 1’0 or )’k -~

O
where
* marks the linkage site with'|
i marks the linkage site withd.
P is O or NH,

L3 is a bond or (§C,)-alkanediyl,

L* is a bond,
Q1 is a 4- to 7-membered heterocycle,
& is a 3- to 7-membered carbocycle or a 4- to 7-nezgtheterocycle,

R"“  is hydrogen or (GC,)-alkyl,
R™ is hydrogen or (GC,)-alkyl,
or

R“and R®  together with the atoms to which they are borfdeah a 5- or 6-membered

heterocycle,
R is hydrogen or (GC,)-alkyl,
RY  is hydrogen or (GC,)-alkyl,
or

Rand R”  together with the atoms to which they are borfdeh a 5- or 6-membered
heterocycle,
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L2

R'® is hydrogen or (GC,)-alkyl,

R" is hydrogen or the side group of a naturamino acid or of its homologues or

isomers,
R®  is hydrogen or (GC,)-alkyl,
or
R¥and B®  together with the atoms to which they are borfdeah a pyrrolidinyl ring,
R is hydrogen or (GC,)-alkyl,
R?  is hydrogen or (GC,)-alkyl,
or

R and B?  together with the atoms to which they are bondethfa 3- to 7-membered

carbocycle,
R®  is (C-Cy)-alkyl,
R*  is hydrogen or (GC,)-alkyl,
R s hydrogen or (GC,)-alkyl,

is linear (G-C,q)-alkanediyl or is a group of the formula

##3\/\%0 /\/}5##4

where

p is a number from 2 to 6,

##°  marks the linkage site with the group B,

#Hf marks the linkage site with the nitrogen atom,

where (G-C,g)-alkanediyl may be substituted by 1 to 4 substitsselected independently

of one another from the group consisting of methyfjroxy and benzyl,

and
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where two carbon atoms of the alkanediyl chain,i) 1,3 or 1,4-relation to one another,
with inclusion of any carbon atoms situated betwim, may be bridged to form axC

Ce)-cycloalkyl ring or a phenyl ring,

D is a group of the formula
A 3 5
1 # R
_0 L
N X o
3 3 R
#%O ’ R R T2
1 2
5 R™ R
where
# marks the linkage site with the nitrogen atom,
R is hydrogen or methyl,
R? is isopropyl, isobutyl,secbutyl, tert-butyl, phenyl, benzyl, 1-hydroxyethyl, 4-
10 hydroxybenzyl, 4-hydroxy-3-nitrobenzyl, 4-hydroxyaginobenzyl, 1-phenyl-
ethyl, diphenylmethyl, H-imidazol-4-ylmethyl or H-indol-3-ylmethyl,
or
R'and R together with the carbon atom to which they ayeded form a (32R)-2-
phenylcyclopropane-1,1-diyl group of the formula
15

4

Ha

3

"

in which
# marks the linkage site with the adjacent nitrogtom,

# marks the linkage site with the carbonyl group,
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the ring A with the N-O moiety present thereinaismono- or bicyclic, optionally

substituted heterocycle of the formula

R6

2 0 Q £ o o [&
N~ N~ N~
|6 |6

|
£

Z-o

o

# ) # '

5 in which
# marks the linkage site with the carbonyl group,
R is hydrogen, hydroxy or benzyloxy,
2§ is hydrogen or methyl,

R is isopropyl, isobutyl,secbutyl, tert-butyl, phenyl, benzyl, 1-hydroxyethyl, 4-
10 hydroxybenzyl, 4-hydroxy-3-nitrobenzyl, 4-hydroxyaginobenzyl, 1-phenyl-
ethyl, diphenylmethyl, H-imidazol-4-ylmethyl or H-indol-3-ylmethyl,

or

RPand R together with the carbon atom to which they ayeded form a (32R)-2-
phenylcyclopropane-1,1-diyl group of the formula

7

#\! o

15
in which
# marks the linkage site with the adjacent nitrogenm,
# marks the linkage site with the group T

T is a group of the formula -C(=0)-OR-C(=0)-NRR®, -C(=0)-NH-NH-R® or
20 -CH,-O-R",
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in which

R’ is hydrogen, methyl, ethyl, n-propyl, tert-butyl, benzyl or

adamantylmethyl,
R is hydrogen or methyl,
R is hydrogen, methyl, ethyh-propyl or benzyl,
or

RPand R together with the nitrogen atom to which theylanaded form a 4-

to 7-membered heterocycle,
R®  is benzoyl,

R'" is benzyl, which may be substituted in the phergioup by

methoxycarbonyl or carboxyl,

28 is hydrogen, methyl or a group of the formula
o, O
9 N \Y
#\/O #\/S ’

in which
# marks the linkage site with -CHC{RT?,

R'2 is phenyl which may be substituted by methoxycayhocarboxyl or a

group of the formula —S(GQPH,
R" is phenyl which may be substituted by methoxycaybor carboxyl,
R?®  is hydrogen or hydroxy,
T? is phenyl, benzyl, H-indol-3-yl or H-indol-3-ylmethyl,

R*®  is methyl or hydroxy,
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and also their salts, solvates and solvates ofdtis.

Preferred in the context of the present inventios additionally also compounds of the formula
(XXXa) in which

Cys is a cysteine residue which is bonded via thghsir atom of the side chain via a carbon

5 atom of the succinimide,
L is a bond, linear (£Ce)-alkanediyl, a group of the formula
- #H 1 1ALl 1B .2
0 n or #H—L—B—L=—##
where
m is a number 2 or 3,
10 ##'  marks the linkage site with the group G,

¥ marks the linkage site with the group B,

L is linear (G-Co)-alkanediyl,

B! is a group of the formula
O O O
5
##\T)kw/#f _ ##JK’T‘/LS\'T‘ )kl_e/##ﬁ
R29 R30 31 R32
15 in which

##°  marks the linkage site with the group’L

##°  marks the linkage site with the grouf’L

L° is a bond,
L® is a bond,
20 R® s hydrogen,

R*  is hydrogen,



WO 2013/087716 -50 - PCT/EP2012/075277

R is hydrogen or methyl,
R*?  is hydrogen or methyl,

L™ s linear (G-Cg)-alkanediyl,

and
5 where (G-C¢)-alkanediyl may be substituted by 1 or 2 methyistituents,
B is a bond or a group of the formula
@) @) @)
*\NLN/** *AN/Ls\N)kLV**
|R14 F|'215 |R16 ||?17
@)
P
H R23 R24 o
where
* marks the linkage site with'|
10 o marks the linkage site with?,

L3 is a bond or ethane-1,2-diyl,
L* is a bond,
R  is hydrogen,
R™ s hydrogen,
15 R is hydrogen or methyl,
RY  is hydrogen or methyl,
or

R®and R’  together with the atoms to which they are borfdeuh piperazinyl ring,
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L2
5
D
10
15

R® s methyl,
R*  is hydrogen or methyl,

is linear (G-Cg)-alkanediyl or is a group of the formula

##3\40 /\/]5##4

where
p is a number 2 or 3,
##°  marks the linkage site with the group B,

e marks the linkage site with the nitrogen atom,

is a group of the formula

Y

where

# marks the linkage site with the nitrogen atom,

R is hydrogen,

R is 1-hydroxyethyl, benzyl, 4-hydroxybenzyl, 1-pkkathyl or H-indol-3-ylmethyl,
or

R'and R together with the carbon atom to which they ayeded form a (32R)-2-
phenylcyclopropane-1,1-diyl group of the formula
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ey :tt#
I: 2
3+

in which
# marks the linkage site with the adjacent nitrogeam,
# marks the linkage site with the carbonyl group,

the ring A with the N-O moiety present thereinaismono- or bicyclic, optionally

substituted heterocycle of the formula

R6
N7 N~ N~
|6 |6

|
5

-0

*—Z

# , # ,

in which

# marks the linkage site with the carbonyl group,

R° is hydrogen, hydroxy or benzyloxy,
R is hydrogen,
R is 1-hydroxyethyl, benzyl, 4-hydroxybenzyl, 1-pkkathyl or H-indol-3-ylmethyl,
or

RPand R together with the carbon atom to which they ayeded form a (32R)-2-
phenylcyclopropane-1,1-diyl group of the formula
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5 T
10
15
R
20

in which
# marks the linkage site with the adjacent nitrogenm,

# marks the linkage site with the grouh T

is a group of the formula -C(=0)-GR-C(=0)-NRR®, -C(=0)-NH-NH-R® or

-CH,-O-R",
in which

R’ is hydrogen, methyl, ethyl, n-propyl, tert-butyl, benzyl

adamantylmethyl,
R is hydrogen or methyl,
R is hydrogen, methyl, ethyh-propyl or benzyl,

or

or

R® and R together with the nitrogen atom to which they laneded form a 4- to 7-

membered heterocycle,
R is benzoyl,

R'" is benzyl which may be substituted in the phenyloug

methoxycarbonyl or carboxyl,

is hydrogen, methyl or a group of the formula
9 9 # R
#\/\Rlz #\/\Rlz or \( W/

in which

# marks the linkage site with —-CHG@bhenyl,

by
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R is phenyl which may be substituted by methoxycayhocarboxyl or a
group of the formula —S(G@PH,

R is phenyl which may be substituted by methoxycaybor carboxyl,
R*®  is methyl or hydroxy,
and also their salts, solvates and solvates dddtis.

Particularly preferred in the context of the preésemention are additionally also compounds of
the formula (XXXa) in which

Cys is a cysteine residue which is bonded via thehsir atom of the side chain via a carbon

atom of the succinimide,
L is a bond or linear (C¢)-alkanediyl,

B is a bond or a group of the formula

R
where
* marks the linkage site with'|
o marks the linkage site with?,
L3 is a bond,
L* is a bond,

R™ s hydrogen or methyl,
RY is hydrogen or methyl,

L2 is linear (G-Cg)-alkanediyl or is a group of the formula

##Mo /\/]5##4

where
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p is a number 2 or 3,
##°  marks the linkage site with the group B,

e marks the linkage site with the nitrogen atom,

D is a group of the formula

5 R™ R
where
# marks the linkage site with the nitrogen atom,
R is hydrogen,
R? is benzyl or H-indol-3-ylmethyl,
10 or
R'and B together with the carbon atom to which they ayeded form a (32R)-2-
phenylcyclopropane-1,1-diyl group of the formula
#ﬁ\#‘r’
in which
15 # marks the linkage site with the adjacent nitrogenm,
# marks the linkage site with the carbonyl group,
the ring A with the N-O moiety present thereinaismono- or bicyclic, optionally

substituted heterocycle of the formula
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L6

#
in which
# marks the linkage site with the carbonyl group,
R is hydrogen,
5 R is benzyl, 4-hydroxybenzyl oHtindol-3-ylmethyl,

or

RPand R together with the carbon atom to which they ayeded form a (32R)-2-
phenylcyclopropane-1,1-diyl group of the formula

7

#\A o

10 in which
# marks the linkage site with the adjacent nitrogem,
# marks the linkage site with the group T
T is a group of the formula -C(=0)-OBr -C(=0)-NRR®,
in which
15 R’ is hydrogen,
R is hydrogen,
R is hydrogen,
R*®  is methyl,

and also their salts, solvates and solvates ofdlis.
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The present invention additionally provides comptsuaf the formula (XXXI)

HO NH,
o
H ~p
L—B—L% N H
3 :
3
(XXXI),
in which
5 Lt is a bond, linear (f2C,o)-alkanediyl, a group of the formula
- #H 1 1A 1 1B 2
0 m or #H— L—B—L—##
where
m is a number from 2 to 6,

##'  marks the linkage site with the group G,
10 HE marks the linkage site with the group B,

L is linear (G-Cyo)-alkanediyl,

B! is a group of the formula
O @] O
##iw)%/#f } ##ka/&w)kw##ﬁ
R29 R3O R3l R32
in which
15 ##°  marks the linkage site with the grouf'L

##°  marks the linkage site with the grouffL

L® is a bond or (§C,)-alkanediyl,
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LlB

and

L® is a bond,

R*  is hydrogen or (GC,)-alkyl,
R*  is hydrogen or (GC,)-alkyl,
or

R¥®and R®  together with the atoms to which they are bonfiech a 5- or 6-

membered heterocycle,
R is hydrogen or (GC,)-alkyl,
R*  is hydrogen or (GC,)-alkyl,
or

R and R?  together with the atoms to which they are bonfbech a 5- or 6-

membered heterocycle,

is linear (G-C,o)-alkanediyl,

where (G-C,g)-alkanediyl may be substituted by 1 to 4 substitsselected independently

of one another from the group consisting of methyfjroxy and benzyl,

and

where two carbon atoms of the alkanediyl chain,i) 1,3 or 1,4-relation to one another,

with inclusion of any carbon atoms situated betwtem, may be bridged to form ax(C

Cs)-cycloalkyl ring or a phenyl ring,

B is a bond or a group of the formula
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)’L 1,O *x g P *% *%

* Q Qz’ Y *XNT
O o , R R0 |
0O
KW M
N /**
H or *
R RZ ITI
27
where
* marks the linkage site with'|_
i marks the linkage site withd.
P is O or NH,
Q' is a 4- to 7-membered heterocycle,
& is a 3- to 7-membered carbocycle or a 4- to 7-nezgtheterocycle,

R'® is hydrogen or (GC,)-alkyl,

R™ is hydrogen or the side group of a naturedmino acid or of its homologues or

isomers,
R®  is hydrogen or (GC,)-alkyl,
or
R¥and B®  together with the atoms to which they are borfdeah a pyrrolidinyl ring,
R*  is hydrogen or (GC,)-alkyl,
R?  is hydrogen or (GC,)-alkyl,
or

R and B?  together with the atoms to which they are bondethfa 3- to 7-membered

carbocycle,

R”  is hydrogen or (§C,)-alkyl,
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L2

is linear (G-C,g)-alkanediyl or is a group of the formula

##?’\/\P o /\/]6##4

where
p is a number from 2 to 6,
##°  marks the linkage site with the group B,

#H marks the linkage site with the nitrogen atom,

where (G-C,g)-alkanediyl may be substituted by 1 to 4 substitsselected independently

of one another from the group consisting of methyfjroxy and benzyl,
and

where two carbon atoms of the alkanediyl chain,i) 1,3 or 1,4-relation to one another,
with inclusion of any carbon atoms situated betw#sm, may be bridged to form a

(Cs-Ce)-cycloalkyl ring or a phenyl ring,

is a group of the formula

A 1 # R
_0 B T
N < or
# R’ R* 26 2
0 ' R T
R' R’
in which
# marks the linkage site with the nitrogen atom,

R is hydrogen or methyl,

R? is isopropyl, isobutyl, secbutyl, tert-butyl, phenyl, benzyl, 1-hydroxyethyl,
4-hydroxybenzyl, 4-hydroxy-3-nitrobenzyl, 4-hydreRyaminobenzyl, 1-phenyl-
ethyl, diphenylmethyl, H-imidazol-4-ylmethyl or H-indol-3-ylmethyl,

or
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R'and R together with the carbon atom to which they ayeded form a (32R)-2-
phenylcyclopropane-1,1-diyl group of the formula

4 5
Ha o

>

T

in which
# marks the linkage site with the adjacent nitrogtm,
# marks the linkage site with the carbonyl group,

the ring A with the N-O moiety present thereinaismono- or bicyclic, optionally

substituted heterocycle of the formula

R6

: ] Q o or &
N7 N~ N~
|6 g

<=0

[«2)

I
® ® #

FH*

in which
# marks the linkage site with the carbonyl group,
R is hydrogen, hydroxy or benzyloxy,

R is hydrogen or methyl,

R is isopropyl, isobutyl, secbutyl, tert-butyl, phenyl, benzyl, 1-hydroxyethyl,
4-hydroxybenzyl, 4-hydroxy-3-nitrobenzyl, 4-hydre@yaminobenzyl, 1-phenyl-
ethyl, diphenylmethyl, H-imidazol-4-ylmethyl or H-indol-3-ylmethyl,

or

RPand R together with the carbon atom to which they ayeded form a (32R)-2-
phenylcyclopropane-1,1-diyl group of the formula
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5 T
10
15
R

in which
# marks the linkage site with the adjacent nitrogenm,
# marks the linkage site with the grouh T

is a group of the formula -C(=0)-GR-C(=0)-NRR®, -C(=0)-NH-NH-R® or
-CH,-O-RY,

in which

R’ is hydrogen, methyl, ethyl, n-propyl, tert-butyl, benzyl or

adamantylmethyl,
R is hydrogen or methyl,
R’ is hydrogen, methyl, ethyh-propyl or benzyl,
or

RPand R together with the nitrogen atom to which theylanaded form a 4-

to 7-membered heterocycle,
R is benzoyl,

R'" is benzyl, which may be substituted in the phemyloup by

methoxycarbonyl or carboxyl,

is hydrogen, methyl or a group of the formula
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o, O
9 9 \//
#\/O #\/S ’

in which
# marks the linkage site with -CHCRT?,

R'2 is phenyl which may be substituted by methoxycayhocarboxyl or a

group of the formula —S(GPH,
R  is phenyl which may be substituted by methoxycaybor carboxyl,
R®  is hydrogen or hydroxy,
T? is phenyl, benzyl, H-indol-3-yl or H-indol-3-yImethyl,
R*®  is methyl or hydroxy,
and also their salts, solvates and solvates dddtis.

Preferred in the context of the present inventiom also compounds of the formula (XXXI) in

which

L is a bond, linear (£2C¢)-alkanediyl or a group of the formula

##1\/\{ /\/]/##2
O m

where
m is a number 2 or 3,
##'  marks the linkage site with the group G,
¥ marks the linkage site with the group B,
where (G-Cq)-alkanediyl may be substituted by 1 or 2 methyistituents,

B is a bond or a group of the formula
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H o . R
T " N
* ° Rpil“no(
O O
*%N/** or
rR% R% H ||?27
where
* marks the linkage site with'
i marks the linkage site with?,

R®  is hydrogen,

R  is methyl, propan-2-yl, 2-methylpropan-1-yl or ktimylpropan-1-yl,

R?®  is hydrogen or (GC,)-alkyl,

or

RYand B°  together with the atoms to which they are borfdeah a pyrrolidinyl ring,
R*  is hydrogen or methyl,

R?  is hydrogen or methyl,

or

R and R?  together with the atoms to which they are bondeuhfa cyclopropyl ring,
R*  is hydrogen or methyl,

is linear (G-Cg)-alkanediyl or is a group of the formula

##3’\/\%0 /\/]5##4

where

p is a number 2 or 3,
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##°  marks the linkage site with the group B,

e marks the linkage site with the nitrogen atom,

where (G-C,g)-alkanediyl may be substituted by 1 or 2 methyistiluents,
and

5 where two carbon atoms of the alkanediyl chain jé-rélation to one another, with

inclusion of any carbon atoms situated between thaay be bridged to form a phenyl

ring,
D is a group of the formula
A 3 5
/O #3 Tl # R
N >< . or
#2 R® R
O L
R' R
10 in which
# marks the linkage site with the nitrogen atom,

R is hydrogen,
R? is 1-hydroxyethyl, benzyl, 4-hydroxybenzyl, 1-pkkathyl or IH-indol-3-yImethyl,
or

15 R'and R together with the carbon atom to which they ameded form a (32R)-2-
phenylcyclopropane-1,1-diyl group of the formula

4

Ha

3

"

in which
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# marks the linkage site with the adjacent nitrogeom,
# marks the linkage site with the carbonyl group,

the ring A with the N-O moiety present thereinaismono- or bicyclic, optionally

substituted heterocycle of the formula

R6

2 0 Q £ o or [&
N~ N~ N~
|6 g

0O
I
| |
6 6
5 # , # , # #
in which
# marks the linkage site with the carbonyl group,
R is hydrogen, hydroxy or benzyloxy,
R? is hydrogen,
10 R is 1-hydroxyethyl, benzyl, 4-hydroxybenzyl, 1-pkkathyl or IH-indol-3-ylmethyl,
or
RPand R together with the carbon atom to which they aeded form a (32R)-2-
phenylcyclopropan-1,1-diyl group of the formula
#l:\®$
15 in which

# marks the linkage site with the adjacent nitrogammn,
# marks the linkage site with the group T

T is a group of the formula -C(=0)-GR-C(=0)-NRR®, -C(=0)-NH-NH-R® or
-CHO-R",
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in which

R’ is hydrogen, methyl, ethyl, n-propyl, tert-butyl, benzyl or

adamantylmethyl,
R is hydrogen or methyl,
R is hydrogen, methyl, ethyh-propyl or benzyl,
or

RPand R together with the nitrogen atom to which theylamaded form a 4-

to 7-membered heterocycle,
R®  is benzoyl,

R'" is benzyl, which may be substituted in the phergioup by

methoxycarbonyl or carboxyl,

R is hydrogen, methyl or a group of the formula
o o #9 o R13
#\/\Rlz #\/\Rlz or \< W/
, N—N
in which

# marks the linkage site with —-CHGphenyl,

R'2 is phenyl which may be substituted by methoxycayhocarboxyl or a

group of the formula —S(GPH,
R  is phenyl which may be substituted by methoxycaybor carboxyl,
R®*®  is methyl or hydroxy,
and also their salts, solvates and solvates ofdlts.

Particularly preferred in the context of the prasemention are also compounds of the formula
(XXXI) in which

L! is a bond,

B is a bond,
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L2
5
D
10
15

=77 - PCT/EP2012/075277

is linear (G-Cg)-alkanediyl or is a group of the formula

##3\40 /\/]5##4

where

p is a number 2 or 3,

##°  marks the linkage site with the group B,

#H marks the linkage site with the nitrogen atom,

is a group of the formula

# marks the linkage site with the nitrogen atom,

R is hydrogen,

R? is benzyl, 4-hydroxybenzyl oHtindol-3-yImethyl,

or

R'and B

together with the carbon atom to which they aoeded form a

(1S2R)-2-phenylcyclopropane-1,1-diyl group of the foriaul

4

Hal

3

"

in which
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# marks the linkage site with the adjacent nitrogtm,
# marks the linkage site with the carbonyl group,
the ring A with the N-O moiety present therein dsmono- or bicyclic,

optionally substituted heterocycle of the formula

()

N
: 4
in which
# marks the linkage site with the carbonyl group,
R® is hydrogen, hydroxy or benzyloxy,
R? is hydrogen,
10 R is benzyl, 4-hydroxybenzyl oHtindol-3-ylmethyl,
or
R*and R together with the carbon atom to which they aveded form a
(1S2R)-2-phenylcyclopropane-1,1-diyl group of the foriaul
#E\#S
15 in which

# marks the linkage site with the adjacent nitrogenm,
# marks the linkage site with the group T
T is a group of the formula -C(=0)-ORr -C(=0)-NRR°®,

in which
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R’ is hydrogen,
R? is hydrogen,
R’ is hydrogen,
R*®  is methyl,
and also their salts, solvates and solvates oddtis.
Preferred in the context of the present inventi@aso compounds of the formula (la), in which
AK is AK
where

AK; is an antibody or an antigen-binding antibody rfinegt which binds to FGFR2 and

is bonded via the sulphur atom of a cysteine resafithe binder to the group G,

G is a group of the formula

where
# marks the linkage site with the cysteine residuthefbinder,
# marks the linkage site with the group L
and
n, L', B, L% D and R® have the definitions indicated above,
and also their salts, solvates and solvates oddtis.
Preferred in the context of the present inventie@nadso compounds of the formula (la), in which
AK  is AK,

where
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AK, is an antibody or an antigen-binding antibody rfinegt which binds to FGFR2 and
is bonded via the NH side group of a lysine resioiune binder to the group G,

G is carbonyl,

and

n, L', B, L% D and R® have the definitions indicated above,
and also their salts, solvates and solvates oddtis.

Preference in the context of the present invenBosiso given to compounds of the formula (la),

in which
AK is AK;
where

AK; is a binder which binds FGFR2, and which is bondiedthe sulphur atom of a

cysteine residue of the binder to the group G,

G is a group of the formula

where
# marks the linkage site with the cysteine residuthefbinder,
# marks the linkage site with the group L

and

n, LY, B, L% D and R® have the definitions indicated above,

and also their salts, solvates and solvates ofdlts.

Preference in the context of the present invensaoalso given to compounds of the formula (la),

in which
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AK

G

and

is AK>
where

AK, is an a binder which binds FGFR2 and which is leohda the NH side group of a

lysine residue of the binder to the group G,

is carbonyl,

n, LY, B, L% D and R® have the definitions indicated above,

and also their salts, solvates and solvates ofdlts.

Preference in the context of the present invenifomlso given to compounds of the general

formula (la), in which

AK

is AK>
where

AK, is a binder which binds FGFR2 and which is bondiadthe NH side group of a

lysine residue of the binder to the group G,
is carbonyl,
is a bond,
is a bond,

is linear (G-Cg)-alkanediyl or is a group of the formula

##?’\/\P o /\/]6##4

where
p is a number 2 or 3,
#H marks the linkage site with the group B,

e marks the linkage site with the nitrogen atom,

n, D and R® have the definitions indicated above,
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and also their salts, solvates and solvates ofdlts.

Preference in the context of the present invenifomlso given to compounds of the general

formula (la), in which

AK
5
G
10
Ll
15
20 B

is AK

where

AK; is a binder which binds FGFR2 and which is attdchi@ the sulphur atom of a

cysteine residue of the binder to the group G,

is a group of the formula

o]
#1
N—#
0]
where
# marks the linkage site with the cysteine residuthefbinder,

# marks the linkage site with the group L

is a bond, linear (£Cs)-alkanediyl or a group of the formula

##1\/\{ /\/}/##2
0] m

where

m is a number 2 or 3,

H marks the linkage site with the group G,

HE marks the linkage site with the group B,

where (G-Cs)-alkanediyl may be substituted by 1 or 2 methyistituents,

is a bond or a group of the formula
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O (@)
3
)k L )k -
" N/ \N 4
| 16 ||?17
where
* marks the linkage site with'lL
i marks the linkage site with?.
5 L3 is a bond or ethane-1,2-diyl,
L is a bond or a group of the formula
28
R
HN"
O *kkk
*kk Y
R® O
in which

***  marks the linkage site with the carbonyl gmu
10 = marks the linkage site with f,
R®  is methyl,
R® s hydrogen, methylcarbonyl or tert-butyloxycariion
R  is hydrogen or methyl,
R  is hydrogen or methyl,
15 or
R®and R’  together with the atoms to which they are bon@emhfa piperazinyl ring,

L2 is linear (G-Cs)-alkanediyl or is a group of the formula

##?’\/\P o /\/]6##4

where
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p is a number 2 or 3,
#H marks the linkage site with the group B,

e marks the linkage site with the nitrogen atom,

and
n, D and R® have the definitions indicated above,
and also their salts, solvates and solvates ofdlts.

Preferred in the context of the present inventimmaso compounds of the formula (1a), (XXXa)
and (XXXI), in which

Lt is a bond,
B is a bond,
L2 is linear (G-Cg)-alkanediyl or is a group of the formula
3 4
## ##
where
p is a number 2 or 3,

#H marks the linkage site with the group B,

#H marks the linkage site with the nitrogen atom,

and

n, AK, Cys, G, D and & have the definitions indicated above,

and also their salts, solvates and solvates ofdlts.

Preferred in the context of the present inventienadso compounds of the formula (la), in which

L is linear (G-Cyg)-alkanediyl or a group of the formula

##1\/\{ /\/}/##2
0] m
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where

m is a number from 2 to 6,

H marks the linkage site with the group G,
#E marks the linkage site with the group B,

5 where (G-C,g)-alkanediyl may be substituted by 1 to 4 substitsieselected independently
of one another from the group consisting of methyfjroxyl and benzyl,

B is a bond or a group of the formula

O O O
3
)k L )k ** )L o **
< ONT N LY x
| 16 | 17

R R @]
36
@] R
)L HN™
*%
" N © or @) o
H 23 24 * Y
R
R o) R 0O
where

10 * marks the linkage site with'l_
*x marks the linkage site with?,

L3 is a bond or (§C,)-alkanediyl,

L is a group of the formula
28
R
J\/O Fhkk or kh >_****
*k% T
0]

R® 0

15 in which

***  marks the linkage site with the carbonyl gmu

=+ marks the linkage site with f,
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10

15

L2

20

and

R®  is hydrogen or methyl,

R is hydrogen, (&Cy-alkylcarbonyl, tert-butyloxycarbonyl
benzyloxycarbonyl,
Q' is a 4- to 7-membered heterocycle,

R is hydrogen or (§C,)-alkyl,
RY  is hydrogen or (GC,)-alkyl,

or

or

R®and R’  together with the atoms to which they are bondethfa 5- or 6-membered

heterocycle,
R® s (C-Cy)-alkyl,
R*  is hydrogen or (§C,)-alkyl,
R* is hydrogen, (&Cy)-alkylcarbonyl, tert-butyloxycarbonyl or benzylmarbonyl,
R*  is hydrogen or methyl,
or
R*and R’  together with the atoms to which they are bonaemfa pyrrolidine ring,

is linear (G-C,o)-alkanediyl or is a group of the formula

##?’\/\P o /\46 e

where
p is a number from 2 to 6,
#H marks the linkage site with the group B,

#H marks the linkage site with the nitrogen atom,

where (G-C,p)-alkanediyl may be substituted by 1 to 4 substitsieselected independently

of one another from the group consisting of methyfjroxyl and benzyl,
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n, AK, G, D and B have the definitions indicated above,
and also their salts, solvates and solvates ofdlts.
Preferred in the context of the present inventienadso compounds of the formula (la), in which

L is linear (G-Cg)-alkanediyl or a group of the formula

##1\/\{ /\/]/##2
o m

where
m is a number 2 or 3,
H marks the linkage site with the group G,

HE marks the linkage site with the group B,

B is a bond or a group of the formula
36
R
O O HNT
)k L3 )k /**
< ONTONT LT or o
| 16 | 17 ¥ Y
R R R O
where
* marks the linkage site with'|_
o marks the linkage site with?,

L3 is a bond or ethane-1,2-diyl,

L* is a group of the formula
28
R
s HN
HN Qfo
JYOY**** or kh >_****
**k%
25 O
R O

where
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***  marks the linkage site with the carbonyl gmu
= marks the linkage site with f,
R®  is hydrogen or methyl,
R®  is hydrogen, methylcarbonyl or tert-butyloxycarplon
R™ s hydrogen or methyl,
R  is hydrogen or methyl,
or
R®and R’  together with the atoms to which they are bondethfa piperazinyl ring,
R is hydrogen, methylcarbonyl or tert-butyloxycariion
R*  is hydrogen or methyl,
or
R*¥and R”  together with the atoms to which they are bondenhfa pyrrolidine ring,

L2 is linear (G-Cg)-alkanediyl or is a group of the formula

p is a number 2 or 3,
#HP marks the linkage site with the group B,

#Hf marks the linkage site with the nitrogen atom,

and
n, AK, G, D and P have the definitions indicated above,
and also their salts, solvates and solvates ofdlis.

Preferred in the context of the present inventiom @so compounds of the formula (la) and
(XXXa), in which
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G
5
Ll
10
B
15

is a group of the formula

0
#1
N—#
0]
in which
# marks the linkage site with the cysteine residughefbinder,

# marks the linkage site with the group L

is linear (G-Cs)-alkanediyl or a group of the formula

##1\/\{ /\/}/##2
0] m

in which

m is a number 2 or 3,

H marks the linkage site with the group G,

HE marks the linkage site with the group B,

where (G-Cs)-alkanediyl may be substituted by 1 or 2 methyistiluents,

is a bond or a group of the formula

* marks the linkage site with'|_
i marks the linkage site with?,

L3 is a bond or ethane-1,2-diyl,
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and

L* is a bond,

is linear (G-Cs)-alkanediyl or is a group of the formula

##?’\/\P o /\/]6##4

where
p is a number 2 or 3,
#H marks the linkage site with the group B,

#Hf marks the linkage site with the nitrogen atom,

n, AKy, Cys, D, R®and R’ have the definitions indicated above,

and also their salts, solvates and solvates ofdtis.

Preferred in the context of the present inventimaiso compounds of the formula (Ia), (XXXa)

and (XXXI), in which

D

is a group of the formula

1
N/O #3><T # R
or
#2 R® R
o) ; R T?
R' R’
where
# marks the linkage site with the nitrogen atom,

R! is hydrogen or methyl,

R? is isopropyl, isobutyl, secbutyl, tert-butyl, phenyl, benzyl, 1-hydroxyethyl,
4-hydroxybenzyl, 4-hydroxy-3-nitrobenzyl, 4-hydre@yaminobenzyl, 1-phenyl-
ethyl, diphenylmethyl, H-imidazol-4-ylmethyl or H-indol-3-ylmethyl,

or
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R'and R together with the carbon atom to which they anedeadl form a ($2R)-2-
phenylcyclopropane-1,1-diyl group of the formula

4 5
Ha o

>

"

in which
5 # marks the linkage site with the adjacent nitrogeim,
# marks the linkage site with the carbonyl group,

the ring A with the N-O moiety present therein isn@no- or bicyclic, optionally

substituted heterocycle of the formula

6
Z O Q £ o o [&
N Nig -
|6 |6 6

Z-0

|
# 1 # b #

H—

10 in which

# marks the linkage site with the carbonyl group,
R® is hydrogen, hydroxy or benzyloxy,

R? is hydrogen or methyl,

R is isopropyl, isobutyl,secbutyl, tert-butyl, phenyl, benzyl, 1-hydroxyethyl, 4-
15 hydroxybenzyl, 4-hydroxy-3-nitrobenzyl, 4-hydroxyaginobenzyl, 1-phenyl-
ethyl, diphenylmethyl, H-imidazol-4-ylmethyl or H-indol-3-ylmethyl,

or

R*and R together with the carbon atom to which they anedeadl form a ($2R)-2-
phenylcyclopropane-1,1-diyl group of the formula
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5 T
10
15
R5

in which
# marks the linkage site with the adjacent nitrogenm,
# marks the linkage site with the group T

is a group of the formula -C(=0)-OR-C(=0)-NRR®, -C(=0)-NH-NH-R° or
-CH,-O-RY,

in which

R’ is hydrogen, methyl, ethyl, n-propyl, tert-butyl, benzyl or

adamantylmethyl,
R® is hydrogen or methyl,
R® is hydrogen, methyl, ethyh-propyl or benzyl,
or

R® and R together with the nitrogen atom to which they laneded form a 4- to 7-

membered heterocycle,
R is benzoyl,

R'" is benzyl, which may be substituted in the phemyoup by

methoxycarbonyl or carboxyl

is hydrogen, methyl or a group of the formula
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O O
. N
#\/O #\/S ,

9 O 13
9 # R
#\/\Rlz #\/\Rlz or \( W/
N—N

in which
# marks the linkage site with -CHCRT?,

R'2 is phenyl which may be substituted by methoxycayhocarboxyl or a

group of the formula —S(@PH,
R  is phenyl which may be substituted by methoxycaybor carboxyl,
R?*®  is hydrogen,
T? is phenyl, benzyl, H-indol-3-yl or H-indol-3-yImethyl,
and
n, AK, Cys, G, I, B, L D and R® have the definitions indicated above,
and also their salts, solvates and solvates dddtis.

Preferred in the context of the present inventimaso compounds of the formula (Ia), (XXXa)
and (XXXI), in which

D is a group of the formula

# marks the linkage site with the nitrogen atom,
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R! is hydrogen or methyl,

R? is isopropyl, isobutyl,secbutyl, tert-butyl, phenyl, benzyl, 1-hydroxyethyl, 4-
hydroxybenzyl, 4-hydroxy-3-nitrobenzyl, 4-hydroxyaginobenzyl, 1-
phenylethyl, diphenylmethyl,H-imidazol-4-ylmethyl or H-indol-3-ylmethyl,

R'and R together with the carbon atom to which they anedeal form a ($,2R)-2-
phenylcyclopropane-1,1-diyl group of the formula

4 5
Ha o

3

"

in which
10 # marks the linkage site with the adjacent nitrogenm,
# marks the linkage site with the carbonyl group,

the ring A with the N-O moiety present therein isn@no- or bicyclic, optionally

substituted heterocycle of the formula

6
Z @ Q £ o or [&
N N~ d
e ls 6

7
N N
| |
# , # \ # #
15 in which
# marks the linkage site with the carbonyl group,

R® is hydrogen, hydroxy or benzyloxy,

and

n, AK, Cys, G, L, B, L> and R® have the definitions indicated above,
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and also their salts, solvates and solvates ofdtis.

Preferred in the context of the present inventimaso compounds of the formula (Ia), (XXXa)

and (XXXI), in which

D

is a group of the formula

where

# marks the linkage site with the nitrogen atom,

R! is hydrogen,

R? is benzyl, 4-hydroxybenzyl, 1-phenylethyl dd-indol-3-yImethyl,
or

R'and R together with the carbon atom to which they anedeadl form a ($2R)-2-
phenylcyclopropane-1,1-diyl group of the formula

4

Hal o

\

"

in which
# marks the linkage site with the adjacent nitrogtim,
# marks the linkage site with the carbonyl group,

the ring A with the N-O moiety present therein isn@no- or bicyclic, optionally

substituted heterocycle of the formula



10

15

20

WO 2013/087716 -96 - PCT/EP2012/075277

|
4

in which

# marks the linkage site with the carbonyl group,
and
n, AK, Cys, G, L, B, L> and R® have the definitions indicated above,
and also their salts, solvates and solvates ofdtis.

Preferred in the context of the present inventimaiso compounds of the formula (Ia), (XXXa)
and (XXXI), in which

R*® s hydroxyl,

and

n, AK, Cys, G, L%, B, L D and R® have the definitions indicated above,
and also their salts, solvates and solvates dddtis.

Preferred in the context of the present inventimaso compounds of the formula (Ia), (XXXa)
and (XXXI), in which

R*®  is methyl,

and

n, AK, Cys, G, I, B, L% D and R® have the definitions indicated above,
and also their salts, solvates and solvates dddtis.

A preferred subject of the present invention areléi-drug conjugates of the general formula (la)
in which D can have the following structures andtands for the linkage site with the nitrogen

atom:
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NH2 Q
/O

and also their salts, solvates and solvates ofdtis.

A preferred subject of the present invention areléi-drug conjugates of the general formula (la)
in which D has a structure which is disclosed bg ohthe intermediates of the present invention;
and the linker unit §-G--B-L-88 and also all other variables are defined iroedance with the

present invention; and their salts, solvates ardases of the salts. AK is preferably an anti-

FGFR2 antibody or antigen-binding fragment thereof.

A preferred subject of the present invention areléi-drug conjugates of the general formula (la)

in which the linker-drug unit has a structure whishdisclosed by one of the intermediates or
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examples of the present invention; and their saltdyates and solvates of the salts. AK is

preferably an anti-FGFR2 antibody or antigen-bigdmagment thereof.

A preferred subject of the present invention areléi-drug conjugates of the general formula (la)
in which the linker-drug unit has a structure whishdisclosed by one of the examples of the
present invention; and their salts, solvates ardases of the salts. AK is preferably an anti-

FGFR2 antibody or antigen-binding fragment thereof.

Particularly preferred subject of the present imenare binder-drug conjugates of the general

formula (la)
— cH, —
H,C _R” H,C CH,
* H
H N
1 2 N\)k N ~D
AK—T—G—L—B—L—N X
cl:H o] : (|ZH O._ O O~en?
* He  cH, © CH :
L —1n
(la),
in which
n is a number from 1 to 50,
AK is a binder which binds to FGFR2,
the group §-G-L-B-§§ is a linker,
where
§ marks the linkage site with the group AK and
8§ marks the linkage site with the nitrogen atom,
L2 is linear (G-C,g)-alkanediyl or is a group of the formula

##3\/\%0 /\/}5##4

where

p is a number from 2 to 6,
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##°  marks the linkage site with the group B,
e marks the linkage site with the nitrogen atom,

where (G-C,g)-alkanediyl may be substituted by 1 to 4 methybstiluents selected
independently of one another from the group coimgjsif methyl, hydroxyl and benzyl

and

where two carbon atoms of the alkanediyl chaif,®y 1,3 or 1,4-relation to one another,
with inclusion of any carbon atoms situated betw#®m, may be bridged to form a

(Cs-Cy)-cycloalkyl ring or a phenyl ring,
is a group of the following formula, where * lsetlinkage site to the nitrogen atom

@!

N

N
H

and also their salts, solvates and solvates ofdtis.

Particularly preferred subject of the present itenare compounds of the following formula

AK<

R e mvw

where AK is a binder which binds FGFR2, and n sumber from 1 to 10, and also their salts,

solvates and solvates of the salts. It is prefeifréide binder is bonded via a NH side group of a

lysine r

esidue to the linker-toxophore unit.
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Particularly preferred subject of the present iieenare compounds of the following

formula

H,C._ _CH
AK \/&
\ﬂ/\/\/\’Tj
o) CH, O
H

where AK is an antibody or an antibody fragmentalhbinds FGFR2, and n is a number from 1
to 10, and also their salts, solvates and solvatebe salts. It is preferred if the antibody or
antibody fragment is bonded via an NH side group dfsine residue of the antibody or antibody

fragment to the linker-toxophore unit.

Particularly preferred subject of the present irtiamis the compound of the following formula

H,C CH
AKzA\\“/\/\/\N \/&
I
CH, O

where AK2A is M048-D01-higG1 and n is a number friarto 10, and also the salts, solvates and

solvates of the salts thereof.

A further particularly preferred subject of the geat invention is the compound of the following

formula
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s fw% &

where AK2B is M048-D01-hlgG1-b and n is a numbenirl to 10, and also the salts, solvates

and solvates of the salts thereof.

The definitions of radicals that are indicated vidlially in the respective combinations and
preferred combinations of radicals are also replaasbitrarily by radical definitions of other

combinations, independently of the respective coatiins of radicals that are indicated.
Especially preferred are combinations of two orenofrthe abovementioned preference ranges.

Further provided by the invention is a processpf@paring the compounds of the invention of the

formula (la), characterized in that a solutiontod binder in PBS buffer

[A] is admixed with a suitable reducing agent, sash for example, dithiothreitol or tris(2-
carboxyethyl)phosphine hydrochloride, and is subseatly reacted with a compound of

the formula (lla)

35
N—Ll—B—LZ—Il\l
CH, O

3 3

o) H,C H, (na),

in which D, L}, B, L? and R® each have the definitions indicated above,

to give a compound of the formula (I-A)
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5 or

[B]

10

— CH,
0 CH,
AK.
! N
N—L-B—L% N x !
E O«
2 CH
3 \CH 3
O H,C H, 3

(Ia_A) )

in which n, AK;, D, L}, B, L? and R°each have the definitions indicated above,

KWM

in which D, L}, B, L? and R® each have the definitions indicated above,

is reacted with a compound of formula (llla)

Q o
7
N LBLN

O 3

3 3

(Ila),

to give a compound of the formula (la-B)

o H.C _R”
st j;( %
Ll—B—LZ—ITl
CH, O

(Ia_B)i

in which n, AK,, D, L', B, L2 and R® each have the definitions indicated above.
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Cysteine coupling:

The partial reduction of the antibody and alsoghlesequent conjugation of the (partially) reduced
antibody with a compound of the formula (lla) takgsce in accordance with the methods known
to the skilled person, see e.g. Ducry et. al., &pcChem. 2010, 21, 5 and references herein,
Klussman et. al., Bioconj. Chem. 2004, 15(4), 788-7The mild reduction of the antibody is
accomplished preferably by addition of 2-6 equingdeof TCEP to the antibody, which is present
in a suitable buffer solution, preferably phosphatéfer, and by stirring for 30-180 minutes at
temperatures between 15 and 40°C, preferably atTRis is followed by the conjugation, by
addition of a solution of a compound of the form(la) in DMSO, acetonitrile or DMF to the
solution of the (partially) reduced antibody in PBfsiffer, and subsequent reaction at a
temperature of 0°C to +40°C, more particularly aD%C to +30°C, for a period of 30 minutes to

6 hours, more particularly 1 to 2 hours.
Lysine coupling:

First of all the compounds of the formula (llla) @mparable activated carboxyl components are
prepared by conventional methods of peptide cheyisthey are then taken up in inert solvents
such as DMSO or DMF, for example, and added toattitéody, which is preferably present in

phosphate buffer at a neutral pH. The solutioniisesl for 1-16 h at a temperature between 15 and

40°C, preferably RT.

The preparation processes described above arelaledi by way of example using the schemes

below (Scheme 1 and 2):

Scheme 1

cH,

0 0

A 0 HCO M JhC CH, N

H
N\/\/\)J\ H H\)J\ N o
‘A (i S !
o o CH, O _A__CH, O_ O “enP o

H,C” cH, CH,
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[a): 1. AK (antibody), TCEP, PBS buffer, RT; 2. Adon of the maleimide derivative in DMSO,
RT].
72

Scheme 2

5
[@): AK (antibody), PBS buffer, RT admix with actiied carboxyl derivative of the linker-drug
components].
The compounds of the formula (Il) in which &and B are a bond can be prepared by subjecting a
compound of the formula (V)
HTL( -
CH, O A
" ohCeT ek, )
10

in which D has the definition indicated above,

to reductive amination in an inert solvent withcanpound of the formula (V)
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(@]
H U\
1
N, 2a

L H o),

PG

in which
LA has the above-defined definition of, lbut is shortened by one carbon atom in the alkyl

chain length,

PG' is an amino-protective group such as, for exam@el-fluoren-9-ylmethoxy)carbonyl,

tert-butoxycarbonyl or benzyloxycarbonyl,

KWM

Hy V1),

to give a compound of the formula (VI)

H,C CH,
PG* /Lz\
SN N
H |
CH, O

3 3

in which D, L2 and PG have the definition indicated above,

eliminating the protective group P@om this compound by methods known to the skippedson,
and reacting the deprotected compound in an imdvest in the presence of a suitable base with

methyl 2,5-dioxo-2,5-dihydro-1H-pyrrole-1-carboxigao give a compound of the formula (1I-A)

L XW%

3 3

(II-A),

in which D and B each have the definitions indicated above.

The compounds of the formula (Il) in which B isragp of the formula (B

O
* )’k okl

14 15
R R (Bl),
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in which *, **, R and R® each have the conditions indicated above,

can be prepared by eliminating the protective gl@from a compound of the formula (VI) by
methods known to the skilled person, and reactiegdeprotected compound in an inert solvent in

the presence of a suitable base with a compoutitedbrmula (VI1)

o) o)
-
N—L=N
H
o)
N—0
//

© (v,
in which L* has the definition indicated above,

to give a compound of the formula (1I-B)

CH,
H,C.__-CH, H,C CH,
o} O O H
H N
L: J\ L2 N\)L N ™D
N N NN -
\ H H | I o. O
CH, O CH, O__ O CH,
H.C CH,

o *H, CH, (I1-B),

in which D, L* and ? each have the definitions indicated above.

The compounds of the formula (I1) in which B isragp of the formula (B
o] O
*)]\N/ I"Q)\N)J\**
Flele FIQN (B%),

in which *, ** L3 R and R’ each have the conditions indicated above can bpaped by

subjecting a compound of the formula (1V)

to reductive amination in an inert solvent withcaempound of the formula (VIII)

>:
>:o
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in which
LA has the above-defined definition of, lbut is shortened by one carbon atom in the alkyl

chain length,

to give a compound of the formula (IX)

H, (1X),

in which D and £ have the definitions indicated above,

and reacting this compound in an inert solvenhi fgresence of a suitable coupling reagent and a
suitable base with a compound of the formula (X)

X),

10 in which L* and L® each have the definitions indicated above,

KWM

in which D, L%, L? and L® each have the definitions indicated above.

to give a compound of the formula (11-C)

/LTWT j;(

3 3

(I1-C),

15 Compound of the formula (ll), in which B is a groofthe formula (B)
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O O
)J\ L )]\ *
A
16 17
R R (BS),

in which *, **, L® R'®and R’ each have the conditions indicated above and

L*  is a group of the formula

O

J\/ O Fhkk or ,kh >_ *xkk
*k*k Y
R® 0
5 in which
***  marks the linkage site with the carbonyl grqup
=+ marks the linkage site with £,

R® s hydrogen or methyl,

can be prepared by reacting a compound of the flar) in an inert solvent in the presence of a

suitable base and a suitable coupling reagentavitbmpound of the formula (XI-A) or (XI-B)

10
o R”® 0
PG PG
0 OH o)
HN N o
~ 1 1.~
PG"  (x1-A) or PG (XI-B),

in which R® and PG each have the definitions indicated above and
PG s a suitable carboxyl-protective group, moreipatarly benzyl,

15 to give a compound (XII-A) or (XII-B)
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A

WTIW

3 3

I

(XII-A)

or

SCE T

PG
5 (XII-B),
in which D, PG, PG and L2 have the definitions indicated above,

eliminating the protective group BP&om this compound subsequently, by methods kntmathe

skilled person, and reacting the deprotected comghdn an inert solvent in the presence of a

suitable coupling reagent and a suitable base avittompound of the formula (X), and finally,
10 eliminating the protective group PG1 from this campd, by methods known to the skilled

person, to give a compound of the formula (lI-Dek)(1I-D-B)

H,C
NH,
N o L2 \)k
L3 \”/ \N
I 25 I
NH O R® O CH, O

H

1 (@]
LN
N

Y%

(I-D-A),

or
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CH

L
\”/ \'|\|
HN
O

(1-D-B),
in which D, L}, L2 and L® have the definitions indicated above.
Compound of the formula (Il), in which B is a groofthe formula (B)

0]
)k *%
. QlAO
5 ° (Y
in which *, ** each have the conditions indicatdzbae and

Q" s an N-linked 4- to 7-membered heterocycle,

can be prepared by reacting a compound of the flar) in an inert solvent in the presence of a
suitable base and a suitable coupling reagentavithmpound of the formula (XXI)
OH
QlA

N
1.~
10 PG (XXI),

in which PG and @* each have the definitions indicated above,

to give a compound of the formula (XXII)
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PGt 0O CH, AL CH, O cH

(XXII),

in which PG, Q", D and 2 have the definitions indicated above,

eliminating the protective group P@om this compound, by methods known to the sttiperson,
5 and subsequently reacting the deprotected compgurah inert solvent in the presence of a

suitable coupling reagent and a suitable baseavithmpound of the formula (XXIII)

0
0
N_Ll—<
OH
O XX,

in which L* has the definition indicated above,

to give a compound of the formula (11-D)

CH,
H,C
H N
o_ L2 N\)k N ~p
o \”/ SN . N
_L I I Oo._ O
N \”/ O CH, O CH, OL_ O CH,
H,C” TCH, CH,

(II-D),

10

in which @*, D, L* and ? have the definitions indicated above.

The compounds of the formula (lll), in which knd B are a bond can be prepared by reacting a
compound of the formula (IX) in an inert solventlive presence of a suitable coupling reagent and

15 a suitable base with N-hydroxysuccinimide to giveoenpound of the formula (l1I-A)
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H.C
(0]
2
N/O\”/L\
(0]
(0]

in which D and B each have the definitions indicated above.

(IlI-A),

The compounds of the formula (Ill), in whicH is a bond and B is a group of the formuld{B

\ZAY

(BSA),
in which *, ** and P each have the definitions icated above and
Q2A is a 3- to 7-membered carbocycle,

can be prepared by reacting a compound of the flar) in an inert solvent in the presence of a

suitable coupling reagent and a suitable baseavithmpound of the formula (XII1)

0
2
PG )k P—H

in which P, 3" and PG each have the definitions indicated above,

S

in which D, P, @&, L? and PG each have the definitions indicated above,

(X1,

to give a compound of the formula (XIV)

(@)
PG J\
(@]

3 3

(XIV),

eliminating the protective group BGom this compound by methods known to the skifpedson,
and subsequently reacting the deprotected compaurah inert solvent in the presence of a

suitable base with N-hydroxysuccinimide to giveoapound of the formula (111-B)
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0
H,C
e} 3
N J\ P L2
\O QZA \ll\l

@ O CH 5
3 3
(I1-B),

in which D, P, @ and L? each have the definitions indicated above.

The compounds of the formula (Il), in whicH is a bond and B is a group of the formul&)(B

(B°),

in which *, ** R R and R° each have the definitions indicated above,

can be prepared by reacting a compound of the farfh¥) in an inert solvent in the presence of a

suitable coupling reagent and a suitable baseavitbmpound of the formula (XV)

O I?ZO
2
PG NH
O)S(
RlB R19

10 in which R R, R?° and PG each have the definitions indicated above,
to give a compound of the formula (XVI)

- &gr L{ NKKWOW

3 3

(XV),

(XV),

in which D, R® R'®, R, L? and PG each have the definitions indicated above,

eliminating the protective group BGom this compound by methods known to the skippedson,

15 and subsequently reacting the deprotected compaurah inert solvent in the presence of a
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suitable coupling reagent and a suitable base Mattydroxysuccinimide to give a compound of

the formula (I11-C)

3 3
(II-C),
5 inwhich D, R® R®, R and ? each have the definitions indicated above.

The compounds of the formula (I11), in whicH is a bond and B is a group of the formuld)(B

@]
* /**
N
21 22
R R (B7),

in which *, **, R?* and R? each have the definitions indicated above,

can be prepared by eliminating the protective gré@ from a compound of the formula (V1) by
10 methods known to the skilled person, and reactiegrésultant deprotected compound in an inert

solvent in the presence of a suitable base wittngpound of the formula (XVII)

O (XVII),
in which R* and R? each have the definitions indicated above,

15 to give a compound of the formula (l1l-D)
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(1-D),
in which D, RY, R and L? each have the definitions indicated above.

The compounds of the formula (Ill), in which B igieup of the formula (B

O
P
e
H
R23 R24

5 ° (8

in which *, **, R?® and B* each have the definitions indicated above,

can be prepared by reacting a compound of the flar) in an inert solvent in the presence of a

suitable coupling reagent and a suitable baseavithmpound of the formula (XVIII)

1
PG OH
rR% r*

(XVII),

10 in which R® R** and PG each have the definitions indicated above,

A

in which D, R® R* L? and PG each have the definitions indicated above,

to give a compound of the formula (XIX)

"y Nznr“ j;(

3 3

(XIX),

eliminating the protective group P@om this compound by methods known to the skipedson,

15 and subsequently reacting the deprotected compaurah inert solvent in the presence of a

suitable coupling reagent and a suitable baseavitbmpound of the formula (XX)
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L s linear (G-Cyo)-alkanediyl or is a group of the formula

@)

(XX),

in which

5 where
m is a number from 2 to 6,
H marks the linkage site with the group G,
H marks the linkage site with the group B,
where (G-Cyg)-alkanediyl may be substituted by 1 to 4 methyiituents,
10 and

where two carbon atoms of the alkanediyl chaiti,®y 1,3 or 1,4-relation to one another,
with inclusion of any carbon atoms situated betwim, may be bridged to form axfC

Ce)-cycloalkyl ring or a phenyl ring,

to give a compound of the formula (lll-E)

CH,
H.C
i YL 6 OYCQ(H
H N
“\ o L2 N\)k N ~p
LA H/>< \n/ \I?I - I?I

23 24 (@] (@]
él\ R” R™ o CH, CH, O._©O “CH,

CH,

3 3

15
(I-E),

in which D, B3, R?* L and ? each have the definitions indicated above.
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The compounds of the formula (lll), in which B igj@up of the formula (B)
*\QZE‘;OT**
O (BSB),
in which * and ** each have the definitions indiedtabove and

Q*®  is an N-linked 4- to 7-membered heterocycle,

can be prepared by reacting a compound of the flar) in an inert solvent in the presence of a

suitable base and a suitable coupling reagentavithmpound of the formula (XXIV)
OH
QZB

N
1.~
PG (XXIV),

in which PG and G® each have the definitions indicated above,

to give a compound of the formula (XXV)

CH,
CH
* H
2B =
N Q z @] @]
1.~ = ~
PG H3 /\ O\CHO CH3
H,C H, 3
(XXV),

in which PG, @%%, D and I? have the definitions indicated above,

eliminating the protective group P@om this compound by methods known to the skipedson,

and subsequently converting the deprotected compauran inert solvent in the presence of a

suitable base with a compound of the formula (XXpia compound of the formula (l1I-F)
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CH,
H,C
HC CH, P cH
H N
o LZ\ N\)k N ™D
N -
O« N @* \ﬂ/ I I Oo._ O
o o) CH, O _ O CH
H,C H CH, ’

C

3 3

(I1-F),
in which @®, D, L** and * have the definitions indicated above.

The reactions (IV) + (V)- (VI) and (IV) + (VII) - (IX) take place in the solvents which are
customary for a reductive amination and are inaden the reaction conditions, optionally in the
presence of an acid and/or of a water-removing tagsncatalyst. Such solvents include, for
example, alcohols such as methanol, ethampkopanol, isopropanoh-butanol ortert-butanol,
ethers such as tetrahydrofuran, 1,4-dioxane, yztilioxyethane or bis(2-methoxyethyl) ether, or
other solvents such as dichloromethane, 1,2-diobtbaneN,N-dimethylformamide or else water.
It is also possible to use mixtures of these sdabieds solvent it is preferred to use a

1,4-dioxane/water mixture, with addition of acedid or dilute hydrochloric acid as catalyst.

Reducing agents suitable for this reaction arepdrticular, complex borohydrides, such as, for
example, sodium borohydride, sodium cyanoborohgdrgbdium triacetoxyborohydride, tetra-
n-butylammonium borohydride or borane-pyridine coempl It is preferred to use sodium

cyanoborohydride or borane-pyridine complex.

The reactions (IV) + (V)- (V1) and (IV) + (VII) - (IX) take place in general in a temperature
range from 0°C to +120°C, preferably at +50°C t@6°C. The reactions may be carried out under
atmospheric, increased or reduced pressure (em €.5 to 5bar); it is usual to operate at

atmospheric pressure.

The above-described coupling reactions (I1X) + £XX1I-C), (XII-A) or (XII-B) + (X) — (lI-D-A)

or (I1-D-B), (IX) + (XII) — (XIV), (IX) + (XV) — (XVI) and (XXII) + (XXIIl) — (II-D) (amide
formation from amine component and carboxylic amthponent respectively) are carried out by
standard methods of peptide chemistry [see e.Bddanszky Principles of Peptide Synthesis
Springer-Verlag, Berlin, 1993; M. Bodanszky and B&danszky, The Practice of Peptide
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SynthesisSpringer-Verlag, Berlin, 1984; H.-D. Jakubke athdleschkeitAminosauren, Peptide,
Proteine Verlag Chemie, Weinheim, 1982].

Examples of inert solvents for these coupling rieastare ethers such as diethyl ether, diisopropyl
ether, tert-butyl methyl ether, tetrahydrofuran, 1,4-dioxank2-dimethoxyethane or bis(2-
methoxyethyl) ether, hydrocarbons such as benzehene, xylene, pentane, hexane, heptane,
cyclohexane or petroleum fractions, halogenated rdoaitbons such as dichloromethane,
trichloromethane, tetrachloromethane, 1,2-dichltvaee, trichloroethylene or chlorobenzene, or
dipolar-aprotic solvents such as acetone, metligl éeetone, acetonitrile, ethyl acetate, pyridine,
dimethyl sulphoxide (DMSO)N,N-dimethylformamide (DMF)N,N-dimethylacetamide (DMA),
N,N-dimethylpropyleneurea (DMPU) d¥-methylpyrrolidinone (NMP). It is also possible use

mixtures of such solvents. Preference is giverstogN,N-dimethylformamide.

Examples of suitable activating/condensing agemtshiese couplings include carbodiimides such
asN,N-diethyl-, N,N-dipropyl-, N,N-diisopropyl-,N,N-dicyclohexylcarbodiimide (DCC) dx-(3-
dimethylaminoisopropyIN'-ethylcarbodiimide hydrochloride (EDC), phosgeneiwdgives such
as N,N=-carbonyldiimidazole (CDI) or isobutyl chloroforneatl,2-oxazolium compounds such as
2-ethyl-5-phenyl-1,2-oxazolium 3-sulphate or te2t-butyl-5-methylisoxazolium perchlorate,
acylamino compounds such as 2-ethoxy-1-ethoxycatbibB-dihydroquinoline, phosphorus
compounds such as propanephosphonic anhydridehytielyanophosphonate, bis(2-oxo-3-
oxazolidinyl)phosphoryl chloride, benzotriazol-yytris(dimethylamino)phosphonium
hexafluorophosphate or benzotriazol-1-yloxytris¢plidino)phosphonium hexafluorophosphate

(PyBOP), or uronium compounds such @gbenzotriazol-1-yl)N,N,N’,N-tetramethyluronium

tetrafluoroborate (TBTU), O-(benzotriazol-1-y)N,N,N',Ntetramethyluronium
hexafluorophosphate (HBTU), 2-(2-oxo-1HRpyridyl)-1,1,3,3-tetramethyluronium
tetrafluoroborate (TPTU), O-(7-azabenzotriazol-1-yIN,N,N',N-tetramethyluronium

hexafluorophosphate (HATU) o0O-(1H-6-chlorobenzotriazol-1-yl)-1,1,3,3-tetramethyluitam-
tetrafluoroborate (TCTU), optionally in combinatiowith further auxiliaries such as 1-
hydroxybenzotriazole (HOBt) dx-hydroxysuccinimide (HOSu), and also, as basesliatketal
carbonates, e.g. sodium or potassium carbonatégrtiary amine bases such as triethylamine,
N-methylmorpholine, N-methylpiperidine, N,N-diisopropylethylamine, pyridine or M;N-

dimethylaminopyridine.

In the context of the present invention, as adiiggtondensing agents for such coupling
reactions, it is preferred to ude(3-dimethylaminoisopropyIN'-ethylcarbodiimide hydrochloride
(EDC) in combination with 1-hydroxybenzotriazole @Bt) and N,N-diisopropylethylamine, or
O-(7-azabenzotriazol-1-yI¥,N,N',N-tetramethyluronium hexafluorophosphate (HATU) Vlikse

in conjunction withN,N-diisopropylethylamine.
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The coupling reactions (IX) + (5~ (1I-C), (XII-A) or (X1I-B) + (X) — (1I-D-A) or (lI-D-B), (1X)

+ (XI) — (XIV) , (IX) + (XV) — (XVI) and (XXII) + (XXIIl) — (1I-D) are carried out in general
in a temperature range from -20°C to +60°C, préfgrat 0°C to +40°C. The reactions may take
place under atmospheric, at increased or at reduiesure (e.g. from 0.5 to 5 bar); it is usual to

operate under atmospheric pressure.

The esterifications (IX) + (XVIII}— (XII) and (IX) + (XI-A) or (XI-B) — (XII-A) or (XII-B), (IX)

+ (XXIV) — (XXV) and also (IX) + (XXI)— (XXII) take place in analogy to the above-desatibe
amide coupling reactions. These reactions takeeptaeferably in dichloromethane, usiNg(3-
dimethylaminoisopropyIN'-ethylcarbodiimide hydrochloride (EDC) and 4-dimg#mino-

pyridine at a temperature of +50°C to 100°C undeioapheric pressure.

The functional groups optionally present in the poomds — such as amino, hydroxyl and
carboxyl groups in particular — may also be presera temporarily protected form during the
above-described process steps, if useful or negedsathese cases, such protective groups are
introduced and removed in accordance with customagthods known from peptide chemistry
[see, for example, T.W. Greene and P.G.M. WRtstective Groups in Organic Synthesiiley,
New York, 1999; M. Bodanszky and A. Bodanszkie Practice of Peptide Synthes8pringer-
Verlag, Berlin, 1984]. Where two or more protecggedups are present, they can be liberated again

optionally simultaneously in a one-pot reactionelse liberated again in separate reaction steps.

As an amino-protective group PGit is preferred to usetert-butoxycarbonyl (Boc),
benzyloxycarbonyl (Z) or (9-fluoren-9-ylmethoxy)carbonyl (Fmoc); for a hydrdxar carboxyl
function it is preferred to usert-butyl or benzyl as protective group 2Ghe elimination of a
tert-butyl or tert-butoxycarbonyl group is typically accomplishedtbyatment with a strong acid,
such as hydrogen chloride, hydrogen bromide outnibacetic acid, in an inert solvent such as
diethyl ether, 1,4-dioxane, dichloromethane or iacatid; this reaction may optionally also be
carried out without addition of an inert solvent. the case of benzyl or benzyloxycarbonyl as
protective group, this group is removed preferdiyyhydrogenolysis in the presence of a suitable
palladium catalyst, such as palladium on activatadcbon, for example. The KSfluoren-9-
ylmethoxy)carbonyl group is generally eliminatedings a secondary amine base such as

diethylamine or piperidine.

The reaction (VI)— (lI-A) takes place in a solvent which is inert endhe reaction conditions,
such as, for example, ethers such as tetrahydrmgfdrd-dioxane, 1,2-dimethoxyethane or bis(2-
methoxyethyl) ether, alcohols such as methanosreth isopropanol, n-butanol tert-butanol, or
dipolar-aprotic solvents such as acetone, mettyll éeetone, acetonitrile, ethyl acetate, pyridine,
dimethyl sulphoxide (DMSO)N,N-dimethylformamide (DMF)N,N-dimethylacetamide (DMA),
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N,N-dimethylpropyleneurea (DMPU) &-methylpyrrolidinone (NMP) or water. It is also pdde

to use mixtures of such solvents. Preference sngig using a mixture of 1,4-dioxane and water.

Suitable bases for the reaction (M} (lI-A) are, for example, alkali metal carbonatesls as
potassium carbonate, sodium carbonate or lithiunareate, alkali metal hydrogencarbonates such
as sodium or potassium hydrogencarbonate or athkelal alkoxides such as sodium methoxide,

sodium ethoxide or potassium tert-butoxide. Itrisfgrred to use sodium hydrogencarbonate.

The reaction (VI)— (II-A) takes place in a temperature range from @8G-50°C, preferably at
+10°C to +30°C. The reaction may take place untapspheric, under elevated or under reduced

pressure (e.g. from 0.5 to 5 bar); it is usualgerate under atmospheric pressure.

The reaction (VI) + (VII)— (lI-B) takes place in a solvent which is inert endhe reaction
conditions, such as, for example, ethers suchteghigrofuran, 1,4-dioxane, 1,2-dimethoxyethane
or bis(2-methoxyethyl) ether, alcohols such as amath ethanol, isopropanol, n-butanoltert-
butanol, or dipolar-aprotic solvents such as aastanethyl ethyl ketone, acetonitrile, ethyl
acetate, pyridine, dimethyl sulphoxide (DMSON,N-dimethylformamide (DMF), N,N-
dimethylacetamide (DMA), N,N-dimethylpropyleneurea (DMPU) oiN-methylpyrrolidinone
(NMP) or water. It is also possible to use mixtuogésuch solvents. Preference is given to using
DMF.

Suitable bases for the reaction (VI) + (VH (1I-B) are, for example, tertiary amine bases sagh
triethylamine, N-methylmorpholine N-methylpiperidine,N,N-diisopropylethylamine, pyridine or
4-N,N-dimethylaminopyridine. Preference is given to gihN-diisopropylethylamine.

The reaction (VI) + (VII)— (l1I-B) takes place in a temperature range from @C+50°C,
preferably at +10°C to +30°C. The reaction may tpleee under atmospheric, under elevated or

under reduced pressure (e.g. from 0.5 to 5 bag;usual to operate under atmospheric pressure.

The reactions (IX}- (llI-A), (XIV) — (llI-B) and (XVI) — (llI-C) and also (VI) + (XVIl)— (lllI-

D), (XIX) + (XX) — (llI-E) and (XXV) + (XX) — (llI-F) take place in a solvent which is inert
under the reaction conditions. Examples of suitadglvents are ethers such as diethyl ether,
diisopropyl ethertert-butyl methyl ether, tetrahydrofuran, 1,4-dioxafe?-dimethoxyethane or
bis(2-methoxyethyl) ether, hydrocarbons such aszdrxe® toluene, xylene, pentane, hexane,
heptane, cyclohexane or petroleum fractions, halagel hydrocarbons such as dichloromethane,
trichloromethane, tetrachloromethane, 1,2-dichltraee, trichloroethylene or chlorobenzene, or
dipolar-aprotic solvents such as acetone, metligl éeetone, acetonitrile, ethyl acetate, pyridine,
dimethyl sulphoxide (DMSO)N,N-dimethylformamide (DMF)N,N-dimethylacetamide (DMA),
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N,N-dimethylpropyleneurea (DMPU) d¥-methylpyrrolidinone (NMP). It is also possible use

mixtures of such solvents. Preference is giverstogN,N-dimethylformamide.

Suitable bases for these reactions are, for examphdary amines such as triethylamine,
N-methylmorpholine, N-methylpiperidine, N,N-diisopropylethylamine, pyridine or M;N-
dimethylaminopyridine. Preference is given to ushh@tdiisopropylethylamine, optionally with

addition of 4N,N-dimethylaminopyridine.

The reactions (IX)- (IlI-A), (XIV) — (llI-B) and (XVI) — (IlI-C) and also (VI) + (XVII)— (Il
D) and (XIX) + (XX) — (lll-E) take place in a temperature range from @@G50°C, preferably at
+10°C to +30°C. The reaction may take place untapspheric, under elevated or under reduced

pressure (e.g. from 0.5 to 5 bar); it is usualgerate under atmospheric pressure.

The compounds of the formulae (Il) and (lll) ardgwantities of the compounds of the formulae
(lla) and (llla) respectively, where*Rs methyl. The preparation of the compounds @lag (I1la)
takes place in analogy to the preparation of thenpound of the formulae (II) and (lll) as

described above.

The above-described processes are illustrated by afeexample by the following synthesis

schemes (Scheme 3 to 13, 18):
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Scheme 3

[a): 1. Water/dioxane, 1N HCI, 100°C; 2,,HPd/C, methanol, RT; b): NaHGOH,O, dioxane,

RT].
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Scheme 4

[a): Diisopropylethylamine, DMF, RT].
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Scheme 5
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[a): Water/dioxane, 1N HCI, 100°C; b): HATU, diisopylamine, DMF, RT].
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Scheme 6
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[a): 1. EDCI, DMAP, dichloromethane, RT; 2.,Hmethanol, RT; b): 1. EDCI, HOBt,
diisopropylamine, DMF, RT; 2. dichloromethane, RT].
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Scheme 7

o
[a): 1. EDCI, DMAP, dichloromethane, RT; 2,,Hnethanol, RT ; b): HATU, diisopropylamine,

DMF, RT].
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Scheme 9
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[a): HATU, diisopropylethylamine, DMF, RT; 2. ,H methanol, RT; b). EDCI, DMAP,

dichloromethane, RT].
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Scheme 10
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[a): 1. HATU, diisopropylethylamine, DMF, RT; 2. df#liloromethane, RT; b): EDCI, DMAP,
5 dichloromethane, RT].
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Scheme 11
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[a): Diisopropylethylamine, DMF, RT].
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Scheme 12
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[a): 1. EDCI, DMAP, dichloromethane, RT; 2. dicldarethane, RT; b): diisopropylamine,

DMAP, dichloromethane, RT].
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Scheme 13

HN

[a): DMAP, diisopropylamine, dichloromethane, RT].
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Scheme 18
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[a): 1. Water/dioxane, 1N HCI, 100°C; 2. ,HPd/C, methanol, RT; b): HATU,
diisopropylethylamine, RT].

The compounds of the formula (IV) can be prepamednfcommercially available amino acid
building blocks or those known from the literatsee, for example, Pettt al, Synthesisl996,
719; Shioiriet al, Tetrahedron Lett1991,32, 931; Shioiriet al, Tetrahedron1993,49, 1913;
Kogaet al, Tetrahedron Lett1991,32, 2395; Vidalet al, Tetrahedron2004,60, 9715; Poncegt
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al., Tetrahedron1994, 50, 5345. Pettitet al, J. Org. Chem.1994,59, 1796) in analogy to
processes known from the literature, in accordavitte customary methods of peptide chemistry,
and as described in the present experimental sedilte synthesis schemes below (Scheme 14 to

16) illustrate the preparation by way of example.

Scheme 14
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[ @): Hydroxylamine hydrochloride, KOH, MeOH, 0°G RT; b): BrCH(CH,),CH,Br, K,CO,

acetone, reflux].
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[a): 1. Diisopropylethylamine, BEP, dichloromethasi)°C— RT; 2. MeOH].
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Scheme 16
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[ a): 1. Diisopropylethylamine, BEP, DMF, RT; 2. cHioromethane; b): 1. HATU,
diisopropylethylamine, DMF, RT; 2. dichloromethaf®T; c): 1. HATU, diisopropylethylamine,
DMF, RT; 2. piperidine, DMF, RT].

The compounds of the formulae (XI), (XIl), (XV)X¥Il) and (XXI), including, where

appropriate, chiral or diastereomeric forms theraoé available commercially or are described as
such in the literature, or they can be preparedobyes that are obvious to the skilled person, in
analogy to methods published in the literature. Brous comprehensive instructions and also
literature information on the preparation of thershg materials are also given in the experimental

section, in the section relating to the preparatibthe starting compounds and intermediates.

The compounds of the formulae (V), (VII), (VIX], (XVIII), (XX) and (XXIII), including,
where appropriate, chiral or diastereomeric forheseof, are known from the literature, or can be
prepared by routes which are obvious to the skifleison, in analogy to methods published in the

literature. Numerous comprehensive instructionsalad literature information on the preparation
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of the starting materials are also given in theeexpental section, in the section relating to the

preparation of the starting compounds and interatedi

Alternatively, individual steps of the preparatisequence may be carried out in a different order
or with other protective group combinations. Thigmach is illustrated by way of example in the

synthesis schemes below (Scheme 17, 19, 20 and 21).
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Scheme 17
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[ a): Borane-pyridine complex, acetic acid, MeOH; b. HOBt, EDCI, diisopropylethylamine,
DMF, RT; 2. TFA, dichloromethane, RT; c): HATU, shipropylethylamine, DMF, RT; d): 1.
Pd/C, MeOH, RT; 2. NaHC{)dioxane, water].
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Scheme 19
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[ a): 1. HATU, diisopropylethylamine, DMF, RT; 2. FA, dichloromethane, RT; 3.
((H3C):C(C=0))0, DMF, diisopropylethylamine; b): diisopropyletayhine, BEP, DMF, RT; c):
1. H, Pd/C (10%), methanol, RT; 2. HATU, diisopropyidmine, DMF, RT; 3. TFA,
dichloromethane, RT].
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Scheme 20
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DMF, RT; 2. TFA, dichloromethane, RT; 3,,Hd/C, MeOH, RT c): 1. NaHGOdioxane, water;
5 d): HATU, diisopropylethylamine, DMF, RT].
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The FGFR2 cancer target molecule of the bindehefgresent invention is known to the skilled
person. The full-length FGFR2 is identified as F@FRpha (SEQ ID NO: 1), while the isoform

lacking the D1 domain is identified as FGFR2 b&&Q@ ID NO: 2) (see Figure 1). Alternative

splicing in domain 3 leads to two different varemamely FGFR2 lllb, which is encoded by the
exons 7 and 8, and FGFR2 llic, which is encodethbyexons 7 and 9 (see Figure 1).

In one embodiment of the invention the binder birdsreferably specifically — to FGFR2. In a
further subject of the invention, the binder birdgreferably specifically — to the extracellular

domain of the target molecule FGFR2 (see Figure 1).

In a further embodiment of the invention, the binbends — preferably specifically — to one or
more forms of the human FGFR2 polypeptide. In @hir subject of the invention, the binder
binds — preferably specifically — to all isoformsdasplice variants of FGFR2. In the text below,
the concept of different “forms” of FGFR2 includélpugh is not limited to, different isoforms,
different splice variants, different glycoforms BGFR2 polypeptides which undergo different

translational and post-translational modifications.

In a further embodiment of the invention, the binbBads - preferably specifically — to the N-
terminal domains of the cancer target molecule F&HR a further subject of the invention, the
binder binds - preferably specifically — to the ragellular N-terminal epitope
(‘RPSFSLVEDTTLEPP) of FGFR2 (SEQ ID NO: 23).

In a further embodiment of the invention, the bindkso binds — preferably specifically — to the
FGFR2 of different species. The effect of thishattthe conjugates of the invention can more
easily, pharmacologically, be investigated in thepecies. Preferred species are rodents, more

particularly mice or rats, but also dogs, pigs aod-human primates.

In one preferred embodiment the binder, after mgdd FGFR2 on the target cell, is internalized
by the target cell as a result of the binding. Efffect of this is that the binder-drug conjugate,

which may be an immunoconjugate or an ADC, is takeby the target cell.

In one embodiment the binder is a binding prot&inone preferred embodiment the binder is an

antibody, an antigen-binding antibody fragment,wtispecific antibody or an antibody mimetic.

Preferred antibody mimetics are affibodies, admectianticalins, DARPins, avimers, or

nanobodies. Preferred multispecific antibodiesbéspecific and trispecific antibodies.

In one preferred embodiment the binder is an adyibar an antigen-binding antibody fragment,

more preferably an isolated antibody or an isolateijen-binding antibody fragment.
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Preferred antigen-binding antibody fragments are, Fab’, F(ab’) and Fv fragments, diabodies,

DAbs, linear antibodies and scFv. Particularly predd are Fab, diabodies and scFv.

In one particularly preferred embodiment the bingderan antibody. Particularly preferred are
monoclonal antibodies or antigen-binding antibodwgiments thereof. Further particularly
preferred are human, humanized or chimeric antésodir antigen-binding antibody fragments

thereof.

In one preferred embodiment, the antibody or thégan-binding fragment comprises the amino
acid sequence of the CDR sequences of the vatlighleand heavy chain of the antibody M048-
D01-higG1.

In a further preferred embodiment, the antibodytr@r antigen-binding fragment comprises the
amino acid sequence of the CDR sequences of thebladight and heavy chain of the antibody
M048-D01-hlgG1 represented in SEQ ID NO: 15 (H-CPRIEQ ID NO: 16 (H-CDR2), SEQ ID
NO: 17 (H-CDR3), SEQ ID NO: 18 (L-CDR1), SEQ ID N® (L-CDR2) and SEQ ID NO: 20
(L-CDR3).

In a further preferred embodiment, the antibodytt@r antigen-binding fragment comprises the
amino acid sequence of the variable light and hedains of the antibody M048-D01-hlgG1 or
M048-D01-hlgG1-b.

In a further preferred embodiment, the antibodytrer antigen-binding fragment comprises the
amino acid sequence of the variable light and hezhains of the antibody M048-D01-higG1,
represented in SEQ ID NO: 12 (VI) and SEQ ID NO:(¥h), or of the variable light and heavy
chains of the antibody M048-D01-hlgG1-b, represerite SEQ ID NO: 14 (VI) and SEQ ID
NO: 13 (Vh).

In a further particularly preferred embodiment, tetibody or the antigen-binding fragment
comprises the amino acid sequence of the variahé &nd heavy chain of the antibody M048-
DO01- higG1-b represented in SEQ ID NO: 14 (VI) 8EQ ID NO: 13 (Vh).

In a further particularly preferred embodiment, #mtibody comprises the amino acid sequence of
the light and heavy chain of the antibody M048-D0d&1-b represented in SEQ ID NO: 9 (light
chain) and SEQ ID NO: 10 (heavy chain).

In a further particularly preferred embodiment, #mtibody comprises the amino acid sequence of
the light and heavy chain of the antibody M048-D0dG1 represented in SEQ ID NO: 7 (light
chain) and SEQ ID NO: 8 (heavy chain).
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Examples of further FGFR2 antibodies are the GALZEFRIgGLl (SEQ ID NO: 3 and SEQ ID
NO: 4) and GAL-FR22-mlgG2a (SEQ ID NO: 5 and SEQND: 6) antibodies that are described
in this invention. The two last-mentioned antibadigvere constructed on the basis of
W02010/054265 from the variable regions, descrithetein, of the light (VI) and heavy (Vh)
chains of the antibodies GAL-FR21 (SEQ ID NO: 1 &#Q ID NO: 4 from W02010/054265)
and GAL-FR22 (SEQ ID NO: 7 and SEQ ID NO: 8 from @020/054265), with the variable
regions of GAL-FR21 having been reformatted intavdgG1 format, while the variable regions of

GAL-FR22 were reformatted into an migG2a format.

Antibodies or antigen-binding antibody fragmentsickhbind cancer target molecules may be
prepared by a person of ordinary skill in the asing known processes, such as, for example,
chemical synthesis or recombinant expression. Bgder cancer target molecules may be
acquired commercially or may be prepared by a pec$oordinary skill in the art using known
processes, such as, for example, chemical syntbesecombinant expression. Further processes
for preparing antibodies or antigen-binding antpdgments are described in WO2007070538
(see page 22 “Antibodies”). The skilled person kaomow processes such as phage display
libraries (e.g. Morphosys HUCAL Gold) can be comgibind used for discovering antibodies or
antigen-binding antibody fragments (see WO2007080page 24 ff and Example 1 on page 70,
Example 2 on page 72). Further processes for grepantibodies that use DNA libraries from
B-cells are described for example on page 26 (W®@Q00538). Processes for humanizing
antibodies are described on page 30-32 of WO20®3&@nd in detail in Queen, et al., Pros.
Natl. Acad. Sci. USA 86:10029-10033, 1989 or in V@I 86. Furthermore, processes for the
recombinant expression of proteins in general andntibodies in particular are known to the
skilled person (see, for example, in Berger andridgh(Guide to Molecular Cloning Techniques,
Methods in Enzymology, Vol. 152, Academic Press,)jirSambrook, et al., (Molecular Cloning:
A Laboratory Manual, (Second Edition, Cold Springrbbr Laboratory Press; Cold Spring
Harbor, N.Y.; 1989) Vol. 1-3); Current Protocols Molecular Biolony, (F.M. Ausabel et al.
[Eds.], Current Protocols, Green Publishing Asdesialnc./John Wiley & Sons, Inc.); Harlow
et al., (Monoclonal Antibodies: A Laboratory Manu&old Spring Harbor Laboratory Press
(19881, Paul [Ed.]); Fundamental Immunology, (Lipgmtt Williams & Wilkins (1998)); and
Harlow, et al., (Using Antibodies: A Laboratory Maai, Cold Spring Harbor Laboratory Press
(1998)). The skilled person knows the correspondaxgors, promoters and signal peptides which
are necessary for the expression of a proteinfadiyibCommonplace processes are also described
in WO2007070538 on pages 41-45. Processes for ningpan 1gG1 antibody are described for
example in WO2007070538 in Example 6 on page 7Rrficesses which allow the determination
of the internalization of an antibody after bindiagts antigen are known to the skilled person and

are described for example in WO2007070538 on p&gelBe skilled person is able to use the
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processes described in WO2007070538 that haveussehfor preparing carboanhydrase IX (Mn)

antibodies in analogy for the preparation of ardibs with different target molecule specificity.

Further examples of FGFR2 binders are the singdénchv antibody fragments PRO-007 (binds
FGFR2 with high affinity) and PRO-001 (binds FGFRRh high affinity and FGFR2 with low
affinity) described in WO2007144893.

The compounds of the invention possess valuableygwlogical properties and can be used for

the prevention and treatment of diseases in husatsnimals.

The binder-drug conjugates (ADCs) of the inventioh,the formula (la), exhibit a high and
specific cytotoxic activity with regard to tumouells, as may be shown on the basis of the assays
set out in the present experimental section (Se&@ip This high and specific cytotoxic activity on
the part of the binder-drug conjugates (ADCs) & ihvention, of the formula (la), is achieved
through the appropriate combination of the new Mialkylauristatin derivative and binder with
linkers which exhibit not only an enzymatically, dmglytically or reductively cleavable
predetermined break point, for the release of dlxefhores, but also no such predetermined break
point. More particularly, through the use of stabliekers which have no enzymatically,
hydrolytically or reductively cleavable predetermahnbreak point for the release of the toxophores,
and which, following uptake of the ADCs into themtour cell and following complete
intracellular, enzymatic breakdown of the antibostyl] remain wholly or partly intact, the activity

is confined very specifically to the tumour cellor@patibility between ADCs and stable linkers
presupposes, among other things, that the metabdbirmed intracellularly can be formed with
sufficient efficacy, are able to reach their targetd are able there to develop their anti-
proliferative activity on the target with sufficiepotency, without being carried out of the tumour
cell again beforehand by transporter proteins. Saidompatibility of the ADCs with a stabile
linker chemistry and with the target in questiofers an enlarged therapeutic window (see, e.g.,
L. Ducry, Bionconjugate Chem. 2010, 21-5; A.G. BaolsCancer Res. 2009, 69, 2358).

More particularly, the binder-drug conjugates o thvention, of the formula (Ia), exhibit a high
and specific cytotoxic activity with respect to towon cells which express FGFR2. The activity

with respect to tumour cells which do not expreG§R2 is significantly weaker at the same time.

On the basis of this profile of properties, the poomds of the invention are therefore suitable to a
particular degree for the treatment of hyperprddifwe diseases in humans and in mammals
generally. The compounds are able on the one hanithhibit, block, reduce or lower cell

proliferation and cell division, and on the othanH to increase apoptosis.
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The hyperproliferative diseases for the treatménttuch the compounds of the invention can be
employed include in particular the group of canaad tumour diseases. In the context of the
present invention, these are understood as meaimngarticular, the following diseases, but
without being limited to them: mammary carcinomasl amammary tumours (ductal and lobular
forms, alsain sity, triple-negative, HER2-negative), tumours of teepiratory tract (parvicellular
and non-parvicellular carcinoma, bronchial carciapnterebral tumours (e.g. of the brain stem
and of the hypothalamus, astrocytoma, medullobtagtependymoma and neuro-ectodermal and
pineal tumours), tumours of the digestive orgars@phagus, carcinomas of the oesophagogastric
junction (=EGJ), stomach (diffuse and intestinainise), gall bladder, small intestine, large
intestine, rectum), liver tumours (including hemattular carcinoma, cholangiocellular carcinoma
and mixed hepatocellular and cholangiocellular icama), tumours of the head and neck region
(larynx, hypopharynx, nasopharynx, oropharynx, lggel oral cavity), skin tumours (squamous
epithelial carcinoma, Kaposi sarcoma, malignantamana, Merkel cell skin cancer and non-
melanomatous skin cancer), tumours of soft tis;uBuding soft tissue sarcomas, osteosarcomas,
malignant fibrous histiocytomas, lymphosarcomas dradbdomyosarcomas), tumours of the eyes
(including intraocular melanoma and retinoblastantajnours of the endocrine and exocrine
glands (e.g. thyroid and parathyroid glands, pasiend salivary gland), tumours of the urinary
tract (tumours of the bladder, penis, kidney, repealvis and ureter) and tumours of the
reproductive organs (carcinomas of the endometrizeryix, ovary, vagina, vulva and uterus in
women and carcinomas of the prostate and tesiitle®n). These also include proliferative blood
diseases in solid form and as circulating bloodsceduch as lymphomas, leukaemias and
myeloproliferative diseases, e.g. acute myeloidteatymphoblastic, chronic lymphocytic, chronic
myelogenic and hair cell leukaemia, and also Alb&alated lymphomas, Hodgkin's lymphomas,
non-Hodgkin's lymphomas, cutaneous T-cell lymphqrBaskitt's lymphomas and lymphomas in

the central nervous system.

Preferred hyperproliferative diseases for anti-F@bBihder-drug conjugates

Hyperproliferative diseases for the treatment ofclwhthe compounds of the invention can be
preferably employed are FGFR2-expressing tumouwrsh |s, for example, stomach carcinoma
(intestinal and diffuse types), signet ring caraiag especially of diffuse type, oesophageal cancer,
cancer of the oesophagogastric junction (EGJ), dbreancer, cancer of the large intenstine,
colorectal carcinoma, rectal carcinoma, prostateeg kidney cancer, carcinomas of the head and
neck region, pancreatic cancer, liver cancer, cahgarcinoma, ovarian carcinoma, endometrial
carcinoma, more particularly of endometrioid tymé, papillary serous type, or of clear cell
subtype, lung cancer, more particularly non-smelldting carcinoma (NSCLC), adenocarcinoma,

squamous carcinoma and pancreatic carcinoma.
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These well-described diseases in humans can alsar @dth a comparable aetiology in other

mammals and can be treated there with the compafrttie present invention.

In the context of this invention, the term "treattieor "treat” is used conventionally and means
the care, management and support of a patientthétiaim of combatting, diminishing, attenuating
or relieving a disease or health defect and of awimg the living conditions which are adversely

affected by this disease, such as in the caseaheer disease.

The present invention thus further provides the afséhe compounds of the invention for the

treatment and/or prevention of diseases, in pdaidhe abovementioned diseases.

The present invention furthermore provides the ofséhe compounds of the invention for the
preparation of a medicament for the treatment anpfevention of diseases, in particular the

abovementioned diseases.

The present invention furthermore provides theafgbe compounds of the invention in a method

for the treatment and/or prevention of diseasepaiticular the abovementioned diseases.

The present invention furthermore provides a metfadthe treatment and/or prevention of
diseases, in particular the abovementioned diseasesy an effective amount of at least one of

the compounds of the invention.

The compounds according to the invention can belareg by themselves or, if required, in
combination with one or more other pharmacologjcaktive substances, as long as this
combination does not lead to undesirable and umpsaick: side effects. The present invention
furthermore therefore provides medicaments commisit least one of the compounds of the
invention and one or more further drugs, in patéicdior the treatment and/or prevention of the

abovementioned diseases.

For example, the compounds of the present inventwam be combined with known
antihyperproliferative, cytostatic or cytotoxic stnces for the treatment of cancer diseases.

Suitable drugs in the combination which may be ioeed by way of example are as follows:

aldesleukin, alendronic acid, alfaferone, alitretin allopurinol, aloprim, aloxi, altretamine,
aminoglutethimide, amifostine, amrubicin, amsacria@astrozole, anzmet, aranesp, arglabin,
arsenic trioxide, aromasin, 5-azacytidine, azatfingp BCG or tice-BCG, bestatin, betamethasone
acetate, betamethasone sodium phosphate, bexgrotdeemycin sulphate, broxuridine,
bortezomib, busulfan, calcitonin, campath, capéeai carboplatin, casodex, cefesone,
celmoleukin, cerubidin, chlorambucil, cisplatin,adtibin, clodronic acid, cyclophosphamide,

cytarabine, dacarbazine, dactinomycin, daunoxoreeadion, decadron phosphate, delestrogen,
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denileukin diftitox, depomedrol, deslorelin, dexvaane, diethylstilbestrol, diflucan, docetaxel,
doxifluridine, doxorubicin, dronabinol, DW-166HCligard, elitek, ellence, emend, epirubicin,
epoetin-alfa, epogen, eptaplatin, ergamisol, estrastradiol, estramustine sodium phosphate,
ethinylestradiol, ethyol, etidronic acid, etopophadoposide, fadrozole, farstone, filgrastim,
finasteride, fligrastim, floxuridine, fluconazolBudarabin, 5-fluorodeoxyuridine monophosphate,
5-fluorouracil  (5-FU), fluoxymesterone, flutamideformestane, fosteabine, fotemustine,
fulvestrant, gammagard, gemcitabine, gemtuzumalkeevglc, gliadel, goserelin, granisetron
hydrochloride, histrelin, hycamtin, hydrocortonerytbro-hydroxynonyladenine, hydroxyurea,
ibritumomab tiuxetan, idarubicin, ifosfamide, irfemon-alpha, interferon-alpha-2, interferon-
alpha-2, interferon-alpha4{2, interferon-alpha-n1, interferon-alpha-n3, inteofebeta, interferon-
gamma-i, interleukin-2, intron A, iressa, irinotecan, Hytrlentinan sulphate, letrozole,
leucovorin, leuprolide, leuprolide acetate, levatas levofolic acid calcium salt, levothroid,
levoxyl, lomustine, lonidamine, marinol, mechlor@tiine, mecobalamin, medroxyprogesterone
acetate, megestrol acetate, melphalan, menestrd&ptepurine, mesna, methotrexate, metvix,
miltefosine, minocycline, mitomycin C, mitotane, taxantrone, modrenal, myocet, nedaplatin,
neulasta, neumega, neupogen, nilutamide, nolvade®C-631570, OCT-43, octreotide,
ondansetron hydrochloride, orapred, oxaliplatinglipexel, pediapred, pegaspargase, pegasys,
pentostatin, picibanil, pilocarpine hydrochloridgjrarubicin, plicamycin, porfimer sodium,
prednimustine, prednisolone, prednisone, premapimcarbazine, procrit, raltitrexed, rebif,
rhenium-186 etidronate, rituximab, roferon-A, rote, salagen, sandostatin, sargramostim,
semustine, sizofiran, sobuzoxane, solu-medrol,p&izecin, strontium-89 chloride, synthroid,
tamoxifen, tamsulosin, tasonermin, tastolactongote, teceleukin, temozolomide, teniposide,
testosterone propionate, testred, thioguaninetep# thyrotropin, tiludronic acid, topotecan,
toremifen, tositumomab, tastuzumab, teosulfaninioet, trexall, trimethylmelamine, trimetrexate,
triptorelin acetate, triptorelin pamoate, UFT, um&l valrubicin, vesnarinone, vinblastine,
vincristine, vindesine, vinorelbine, virulizin, #oard, zinostatin-stimalamer, zofran; ABI-007,
acolbifen, actimmune, affinitak, aminopterin, arifer, asoprisnil, atamestane, atrasentan, avastin,
BAY 43-9006 (sorafenib), CCI-779, CDC-501, celehreatuximab, crisnatol, cyproterone acetate,
decitabine, DN-101, doxorubicin-MTC, dSLIM, dutastie, edotecarin, eflornithine, exatecan,
fenretinide, histamine dihydrochloride, histrelingdnogel implant, holmium-166 DOTMP,
ibandronic acid, interferon-gamma, intron-PEG, pgilbne, keyhole limpet hemocyanine, L-
651582, lanreotide, lasofoxifen, libra, lonafarnibiproxifen, minodronate, MS-209, liposomal
MTP-PE, MX-6, nafarelin, nemorubicin, neovastat/at@xed, oblimersen, onko-TCS, osidem,
paclitaxel polyglutamate, pamidronate disodium, 4; QS-21, quazepam, R-1549, raloxifen,
ranpirnas, 13isretic acid, satraplatin, seocalcitol, T-138067;céxa, taxoprexin, thymosin-
alpha-1, tiazofurin, tipifarnib, tirapazamine, TL286, toremifen, transMID-107R, valspodar,

vapreotide, vatalanib, verteporfin, vinflunin, Z&,&oledronic acid and combinations of these.



10

15

20

25

30

WO 2013/087716 - 149 - PCT/EP2012/075277

In a preferred embodiment, the compounds of thesgmteinvention can be combined with
antihyperproliferative agents, which can be, by wagxample — without this list being conclusive

as follows:

aminoglutethimide, L-asparaginase, azathioprinaz&eytidine, bleomycin, busulfan, carboplatin,
carmustine, chlorambucil, cisplatin, colaspase, laplwsphamide, cytarabine, dacarbazine,
dactinomycin, daunorubicin, diethylstilbestrol 22difluorodeoxycytidine, docetaxel, doxorubicin
(adriamycin), epirubicin, epothilone and its detivas, erythro-hydroxynonyladenin, ethinyl-
estradiol, etoposide, fludarabin phosphate, 5-fideoxyuridine, 5-fluorodeoxyuridine mono-
phosphate, 5-fluorouracil, fluoxymesterone, flutdeai hexamethylmelamine, hydroxyurea,
hydroxyprogesterone caproate, idarubicin, ifosfamnidinterferon, irinotecan, leucovorin,
lomustine, mechlorethamine, medroxyprogesteronetatee megestrol acetate, melphalan,
6-mercaptopurine, mesna, methotrexate, mitomycin n@totane, mitoxantrone, paclitaxel,
pentostatin, N-phosphonoacetyl L-aspartate (PALA), plicamycin,ednisolone, prednisone,
procarbazine, raloxifen, semustine, streptozo@maiifen, teniposide, testosterone propionate,
thioguanine, thiotepa, topotecan, trimethylmelamiagdine, vinblastine, vincristine, vindesine

and vinorelbine.

The compounds of the invention can also be comhim@dvery promising manner with biological
therapeutics such as antibodies (e.g. avastirkarituerbitux, herceptin). The compounds of the
invention can also achieve positive effects in coration with therapies directed against
angiogenesis, such as, for example, with avastiitindo, recentin, regorafenib, sorafenib or
sunitinib. Combinations with inhibitors of the peasome and of mMTOR and also with
antihormones and steroidal metabolic enzyme intiibiare likewise particularly suitable because

of their favourable profile of side effects.

Generally, the following aims can be pursued with tombination of compounds of the present

invention with other agents having a cytostaticyiotoxic action:

e an improved activity in slowing down the growthatumour, in reducing its size or even in

its complete elimination compared with treatmerthvein individual drug;

« the possibility of employing the chemotherapeuticsed in a lower dosage than in

monotherapy;

« the possibility of a more tolerable therapy witlwfside effects compared with individual

administration;

« the possibility of treatment of a broader spectnftumour diseases;
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* the achievement of a higher rate of response tthérapy;
« alonger survival time of the patient compared witesent-day standard therapy.

The compounds according to the invention can maealso be employed in combination with

radiotherapy and/or surgical intervention.

The present invention furthermore provides medicegmghich comprise at least one compound
of the invention, conventionally together with ooe more inert, non-toxic, pharmaceutically

suitable excipients, and the use thereof for thevaimentioned purposes.

The compounds of the invention can act systemigaily/or locally. They can be administered in a
suitable manner for this purpose, such as for elanparenterally, possibly by means of

inhalation, or as an implant or stent.

The compounds of the invention can be administémesuitable administration forms for these

administration routes.

Parenteral administration can be effected with bgpey of an absorption step (e.g. intravenously,
intraarterially, intracardially, intraspinally antralumbally) or with inclusion of an absorptionde
intramuscularly, subcutaneously, intracutaneouslgercutaneously or intraperitoneally).
Administration forms which are suitable for pareateadministration include injection and
infusion formulations in the form of solutions, pessions, emulsions or lyophilizates. Parenteral

administration is preferred, in particular intraves administration.

In general, it has proved advantageous in the chsgarenteral administration to administer
amounts of from about 0.001 to 1 mg/kg, preferadidput 0.01 to 0.5 mg/kg of body weight to

achieve effective results.

Nevertheless it may be necessary to deviate froenatmounts mentioned, and in particular
depending on the body weight, administration roumelividual behaviour towards the active
compound, nature of the formulation and point ofetior interval at which administration takes
place. Thus in some cases it may be sufficient émage with less than the abovementioned
minimum amount, while in other cases the uppertliméntioned must be exceeded. In the case
where relatively large amounts are administerethay be advisable to distribute these into several

individual doses over the day.

The following examples illustrate the invention.eTinvention is not limited to the examples.
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The percentage figures in the following tests ardn®ples are percentages by weight, unless
stated otherwise; parts are parts by weight. Solaios, dilution ratios and concentration data of

liquid/liquid solutions in each case relate to Wiotume.
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A. Examples

Abbreviations and acronyms:

ABCB1 ATP-binding cassette sub-family B memberyin(mym for P-gp
and MDR1)

abs. absolute

ADC antibody-drug-conjugate

Ac acetyl

aqg. agueous, aqueous solution

ATP adenosine triphosphate

BCRP breast cancer resistance protein, an effansporter

Boc tert-butoxycarbonyl

br. broad (in NMR)

EX. example

ca circa, approximately

CAIX carboanhydrase IX

Cl chemical ionization (in MS)

d doublet (in NMR)

d day(s)

TLC thin-layer chromatography

DCI direct chemical ionization (in MS)

dd doublet of a doublet (in NMR)

DMAP 4-N,N-dimethylaminopyridine

DME 1,2-dimethoxyethane

DMEM Dulbecco’s modified eagle medium (standardirettient medium

for cell culture)
DMF N,N-dimethylformamide
DMSO dimethyl sulphoxide
DPBS, D-PBS, PBS Dulbecco's phosphate-bufferedesablution
PBS = DPBS = D-PBS, pH 7.4, from Sigma, No. D8537

Composition:

0.2 gKCl

0.2 g KHPQO, (anhydrous)
8.0 g NaCl

1.15 g NgHPGQ, (anhydrous)
make up to 1 | with KD

dt doublet of a triplet (in NMR)
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DTT

EDC

EGFR

El

ELISA

eq.

ESI
ESI-MicroTofq

FCS
FGFR2
Fmoc
sat.
GTP

h
HATU

HEPES
HOAc
HOBt
HOSu
HPLC

ICso

i.m.

V.

Kato Ill

conc.

LC-MS
LLC-PK1 cells
L-MDR

m
MDA-MB-231
MDR1
MFM-223

min
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DL-dithiothreitol

N'-(3-dimethylaminopropyIN-ethylcarbodiimide hydrochloride
epidermal growth factor receptor

electron impact ionization (in MS)

enzyme-linked immunosorbent assay

equivalent(s)

electrospray ionization (in MS)

_ESI-MicroTofq (name of the mass spectrometer, with ¥ dime of
flight and q = quadrupole)

foetal calf serum

fibroblast growth factor receptor 2
(H-fluoren-9-ylmethoxy)carbonyl

saturated

guanosine 5'-triphosphate

hour(s)

O-(7-azabenzotriazol-1-yIN,N,N',N‘tetramethyluronium

hexafluorophosphate

4-(2-hydroxyethyl)piperazine-1-ethanesulpbaiid
acetic acid

1-hydroxy-H-benzotriazole hydrate
N-hydroxysuccinimide

high-pressure, high-performance liquid chraygedaphy

half-maximum inhibitory concentration
intramuscular, administration into the muscle
intravenous, administration into the vein
human tumour cell line

concentrated

liquid chromatography-coupled mass spectroynet
Lewis lung carcinoma pork kidney dale
human MDR1 transfected LLC-PK1 cells
multiplet (in NMR)

human tumour cell line

multidrug resistence protein 1

human tumour cell line

minute(s)
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MS
MTT

NCI-H716
NMM
NMP
NMR
NMRI

Nude mice
NSCLC
PBS

Pd/C

P-gp
PNGaseF
quant.
quart

quint

Rs

RT

R:

s

s.c.

SCID mice
SNU-16
SUMb52-PE
t

tert

TFA

THF

uv

viv
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mass spectrometry

3-(4,5-dimethylthiazeP-yl)-2,5-diphenyl2H-tetrazolium bromide

human tumour cell line
N-methylmorpholine
N-methyl-2-pyrrolidinone
nuclear magnetic resonance spectrometry
mouse strain, originating from Naval Medicaé$earch Institute
(NMRYI)

experimental animals

non-small cell lung cancer (non-parvicelldaonchial carcinoma)
phosphate-buffered saline solution

palladium on activated carbon

P-glycoprotein, a transporter protein

enzyme for sugar elimination

guantitative (for yield)

quartet (in NMR)

quintet (in NMR)
retention index (for TLC)

room temperature
retention time (for HPLC)

singlet (in NMR)

subcutaneous, administration beneath the skin
experimental mice with a severe combinadunodeficiency
human tumour cell line

human tumour cell line
triplet (in NMR)
tertiary
trifluoroacetic acid
tetrahydrofuran
ultraviolet spectrometry
volume to volume ratio (of a solution)

benzyloxycarbonyl
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HPLC and L C-M S methods:

Method 1 (LC-MS):

Instrument: Waters Acquity SQD UPLC System; colutiaters Acquity UPLC HSS T3 1.8u
50 mm x 1 mm; eluent A: 1 | water + 0.25 ml 99%estth formic acid, eluent B: 1 | acetonitrile +
0.25 ml 99% strength formic acid; gradient: 0.0 80% A - 1.2 min 5% A- 2.0 min 5% A;
flow rate: 0.40 ml/min; oven: 50°C; UV detectiort@®400 nm.

Method 2 (LC-MS):

Instrument: Micromass QuattroPremier with WatersLOPAcquity; column: Thermo Hypersil
GOLD 1.9y 50 mm x 1 mm; eluent A: 1 | water + 0.658% strength formic acid, eluent B: 1 |
acetonitrile + 0.5 ml 50% strength formic acid;djeant: 0.0 min 90% A~ 0.1 min 90% A- 1.5
min 10% A - 2.2 min 10% A, flow rate: 0.33 ml/min; oven: 50°QY detection: 210 nm.

Method 3 (LC-MS):

Instrument: Micromass Quattro Micro MS with HPLC ilegt Series 1100; column: Thermo
Hypersil GOLD 3u 20 mm x 4 mm; eluent A: 1 | wate0.5 ml 50% strength formic acid, eluent
B: 1 | acetonitrile + 0.5 ml 50% strength formiddgagradient: 0.0 min 100% A, 3.0 min 10% A
- 4.0 min 10% A- 4.01 min 100% A (flow rate 2.5 ml/min)} 5.00 min 100% A; oven: 50°C;

flow rate: 2 ml/min; UV detection: 210 nm.

Method 4 (LC-MS):

MS instrument. Micromass ZQ; HPLC instrument. HPOQ1Series; UV DAD; column:
Phenomenex Gemini 3p 30 mm x 3.00 mm; eluent Awéater + 0.5 ml 50% strength formic acid,
eluent B: 1 | acetonitrile + 0.5 ml 50% strengthnfiic acid; gradient: 0.0 min 90% A 2.5 min
30% A - 3.0 min 5% A- 4.5 min 5% A; flow rate: 0.0 min 1 ml/min 2.5 min/3.0 min/4.5 min

2 ml/min; oven: 50°C; UV detection: 210 nm.

Method 5 (HPLQ):

Instrument: HP 1090 Series II; column: Merck ChrdithdcSpeedROD RP-18e, 50 mm x 4.6 mm;
preliminary column: Merck Chromolith Guard Cartridéfit RP-18e, 5 mm x 4.6 mm; injection
volume: 5 pl; eluent A: 70% HCLON water (4 ml/litre), eluent B: acetonitrile; giiant: 0.00 min
20% B - 0.50 min 20% B- 3.00 min 90% B- 3.50 min 90% B- 3.51 min 20% B- 4.00

min 20% B; flow rate: 5 ml/min; column temperatu4@°C.
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Method 6 (HPLC):

Instrument: Waters 2695 with DAD 996; column: Mefekromolith SpeedROD RP-18e, 50 mm x
4.6 mm; Ord. No.: 1.51450.0001, preliminary coluterck Chromolith Guard Cartridge Kit RP-
18e, 5 mm x 4.6 mm; Ord. No.: 1.51470.0001, el#ent0% HCIQ, in water (4 ml/litre), eluent
B: acetonitrile; gradient: 0.00 min 5% B 0.50 min 5% B- 3.00 min 95% B- 4.00 min 95%

B; flow rate: 5 ml/min.

Method 7 (LC-MS):

MS instrument: Waters ZQ; HPLC instrument: Agildrit00 Series; UV DAD; column: Thermo
Hypersil GOLD 3u 20 mm x 4 mm; eluent A: 1 | wate0.5 ml 50% strength formic acid, eluent
B: 1 | acetonitrile + 0.5 ml 50% strength formiddgagradient: 0.0 min 100% A, 3.0 min 10% A
- 4.0 min 10% A- 4.1 min 100% A (flow rate 2.5 ml/min); oven: 55°flw rate: 2 ml/min;
UV detection: 210 nm.

Method 8 (LC-MS):

MS instrument: Waters ZQ; HPLC instrument: Agildrdi00 Series; UV DAD; column: Thermo
Hypersil GOLD 3u 20 mm x 4 mm; eluent A: 1 | wate0.5 ml 50% strength formic acid, eluent
B: 1 | acetonitrile + 0.5 ml 50% strength formiddgagradient: 0.0 min 100% A, 2.0 min 60% A
- 2.3 min 40% A- 3.0 min 20% A- 4.0 min 10% A- 4.2 min 100% A (flow rate
2.5 ml/min); oven: 55°C; flow rate: 2 ml/min; UV @etion: 210 nm.

Method 9 (LC-MS):

Instrument: Waters Acquity SQD UPLC System; columvaters Acquity UPLC HSS T3 1.8u
50 mm x 1 mm; eluent A: 1 | water + 0.25 ml 99%estith formic acid, eluent B: 1 | acetonitrile +
0.25 ml 99% strength formic acid; gradient: 0.0 886% A - 6.0 min 5% A- 7.5 min 5% A;
oven: 50°C; flow rate: 0.35 ml/min; UV detectiort@®400 nm.

Method 10 (HPLC):

Instrument: Agilent 1200 Series; column: Agilentlifse XDB-C18 5u 4.6 mm x 150 mm;
preliminary column: Phenomenex KrudKatcher Disptesdtre-Column; injection volume: 5 pl;
eluent A: 1| water + 0.01% trifluoroacetic acidigent B: 1 | acetonitrile + 0.01% trifluoroacetic
acid; gradient: 0.00 min 10% B 1.00 min 10% B- 1.50 min 90% B- 5.5 min 10% B; flow

rate: 2 ml/min; column temperature: 30°C.
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For all reactants or reagents whose preparationotsexplicitly described below, they were
obtained commercially from generally available sest For all other reactants or reacents whose
preparation is likewise not described below, andctvlwere not available commercially or were
obtained from sources which are not generally abégl a reference is given to the published

literature in which their preparation is described.

Method 11 (LC-MS):

Instrument: Waters ACQUITY SQD UPLC System; coluaters Acquity UPLC HSS T3 1.8
30 x 2 mm; eluent A: 1 | water + 0.25 ml 99% stitbnfprmic acid , eluent B: 1 | acetonitrile +
0.25 ml 99% strength formic acid; gradient: 0.0 0% A — 1.2 min 5% A— 2.0 min 5% A
oven: 50°C; flow rate: 0.60 ml/min; UV detectid08 — 400 nm.

Method 12 (HPLC):

Instrument: Agilent 1200 Series with column ovend aDAD; column: Merck Chromolith
SpeedROD RP-18e, 50 mm x 4.6 mm; Ord. No.: 1.5D080.; preliminary column: Merck
Chromolith Guard Cartridge Kit RP-18e, 5 mm x 4.6nOrd. No.: 1.51470.0001; eluent A: 70%
HCIO, in water (4 ml/litre), eluent B: acetonitrile; giiant: 0.00 min 5% B- 0.50 min 5% B-
3.00 min 95% B- 4.00 min 95% B; flow rate: 5 ml/min; column tematerre: 30°C.
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Starting Compounds and | nter mediates:

Starting Compound 1

(2R,3R)-3-[(29)-1-(tert-butoxycarbonyl)pyrrolidin-2-yl]-3-methoxy-2-mettpropanoic acid (Boc-
dolaproine)

CH OH

The title compound can be prepared in various wagyeording to literature methods; see, for
example, Pettiet al, Synthesisl996, 719; Shioiret al, Tetrahedron Lett1991,32, 931; Shioiri
et al, Tetrahedron1993,49, 1913; Kogaet al., Tetrahedron Lett1991,32, 2395; Vidalet al,
Tetrahedron2004,60, 9715; Poncett al, Tetrahedron1994,50, 5345. It was prepared either as

the free acid or as a 1:1 salt with dicyclohexylzeni

Starting Compound 2a

tert-butyl (3R,4S,59)-3-methoxy-5-methyl-4-(methylamino)heptanoate loptitoride
(dolaisoleucine-OtBu x HCI)

N
H X HCI

The title compound can be prepared in various wayeording to literature methods; see, for
example, Pettiet al, J. Org. Chem1994,59, 1796; Kogeet al., Tetrahedron Lett1991,32, 2395;
Shioiri et al, Tetrahedron Lett1991,32, 931; Shioiriet al, Tetrahedron1993,49, 1913.

Starting Compound 2b

tert-butyl (8R/4S,59)-3-methoxy-5-methyl-4-(methylamino)heptanoate
(dolaisoleucine-(Bu)
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CH,
CH
H,C H,C 3
CH,
H3C\N o)
: o) o)
H.C~

The compound was prepared in analogy to startimgpooind 2a, except that the hydrogenation

was performed without addition of 1N hydrochloriica

Starting Compound 3

Na-(tert-butoxycarbonyl)N-hydroxy-L-phenylalaninamide

The title compound was prepared by the literatue¢hod (A. Ritteret al, J. Org. Chem1994,59,
4602).

Yield: 750 mg (75% of theory)
LC-MS (Method 3): R= 1.67 min; MS (ESIpos): m/z = 281 (M+H)

Starting Compound 4

1,2-oxazolidine hydrochloride
EN/O x HCI
H

The title compound can be prepared by literaturéhous (see, for example, H. King, Chem.

S0c.1942, 432); it is also commercially available.

Starting Compound 5

1,2-oxazinane hydrochloride
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@ x HCI

H

The title compound can be prepared by literaturéhous (see, for example, H. King, Chem.
So0c.1942, 432).

Starting Compound 6

2-oxa-3-azabicyclo[2.2.2]oct-5-ene

O

/
N
H

The title compound can be prepared in Boc-proteétech by the literature method (see, for

example, C. Johnsost al, Tetrahedron Lett1998,39, 2059); the deprotection was effected in a

customary manner by treatment with trifluoroacatel and subsequent neutralization.
Yield: 149 mg (89% of theory)

Starting Compound 7

tert-butyl (1S,2R)-1-(hydroxycarbamoyl)-2-phenylcyclopropyl carbamat

OH
HN”

W

O

wI
Ot
@)
:<°
FI
i
/7_

The title compound was prepared by a literaturehow{A. Ritteret al, J. Org. Chem1994,59,
4602) proceeding from commercially available S@R)-1-[(tert-butoxycarbonyl)amino]-2-

phenylcyclopropanecarboxylic acid (C. Cativietaal, Chirality 1999, 11, 583).
Yield: 339 mg (59% of theory)

LC-MS (Method 1): R= 0.82 min; MS (ESIpos): m/z = 293 (M+H)
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Intermediate 1

tert-butyl (3R,4S5,59)-4-[{ N-[(benzyloxy)carbonyl]-L-valyl}(methyl)amino]-3-mabxy-5-

methylheptanoate

CH,
H,C HC /s
0 +CH3
H
O N\)k O
O _A_ CH, O
HC” SCH, °  CH,

5 10.65 g (41.058 mmol) dfert-butyl (3R 4S59)-3-methoxy-5-methyl-4-(methylamino)heptanoate
(starting compound 2b) were taken up in 250 mliohldromethane and the solution was cooled
to -10°C. Then, while stirring, 10.317 g (41.058nal) of N-[(benzyloxy)carbonyl]-L-valine,
16.866 g (61.586 mmol) of 2-bromo-1-ethylpyridiniustrafluoroborate (BEP) and 28.6 ml of
N,N-diisopropylethylamine were added, and the mixives subsequently stirred at RT for 20 h.

10 The reaction mixture was then diluted with dichloeithane and shaken twice with saturated
sodium chloride solution, dried over sodium sulphdiltered and concentrated. The residue was
purified by flash chromatography on silica gel witi. petroleum ether/ethyl acetate as the eluent.
The corresponding fractions were concentrated &edrésidue was dried under high vacuum

overnight. 10.22 g (51% of theory) of the title quoand were obtained as a yellowish oil.
15 HPLC (Method 5): R= 2.3 min;

LC-MS (Method 2): R= 1.59 min; MS (ESIpos): m/z = 493 (M+H)

Intermediate 2

tert-butyl (3R,4S55)-3-methoxy-5-methyl-4-[methyl(L-valyl)amino]heptaate

CH,
CH
H,C H,C 3
0 CH,
CH, OL_ O

H,C CH, CH,

20 500 mg (1 mmol) ofert-butyl (3R,4S59)-4-[{ N-[(benzyloxy)carbonyl]-L-valyl}(methyl)amino]-3-
methoxy-5-methylheptanoate (intermediate 1) wersalved in 50 ml of methanol and, after

addition of 100 mg of 10% palladium on activatedooa, hydrogenated under standard hydrogen
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pressure at RT for 1 h. The catalyst was thenrétieoff and the solvent was removed under

reduced pressure. This gave 370 mg (quant.) ditttecompound as a virtually colourless oil.
HPLC (Method 5): R=1.59 min;

LC-MS (Method 1): R= 0.74 min; MS (ESIpos): m/z = 359 (M+H)

Intermediate 3

N-[(9H-fluoren-9-yImethoxy)carbonylN-methyl-L-valyl-N-[(3R,4S 59)-1-tert-butoxy-3-methoxy-
5-methyl-1-oxoheptan-4-ylf-methyl-L-valinamide

H,C._ _-CH, H,C H,C
O O CH

H
O )k N\)k
. o™ N - N
C

H, O _A_ CH, O
O 3 H3C/\CH3 PooTeH,

4.64 g (13.13 mmol) oN-[(9H-fluoren-9-ylmethoxy)carbonylN-methyl-L-valine were dissolved
in 20 ml of DMF and admixed successively with 4¢28.1.94 mmol) otert-butyl (3R,4S59)-3-
methoxy-5-methyl-4-[methyl(L-valyl)amino]heptanoatetermediate 2), 2.75 g (14.33 mmol) of
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrdoride and 2.2 g (14.33 mmol) of 1-
hydroxy-1H-benzotriazole hydrate. The mixture was stirre®atovernight. The reaction mixture
was then poured into a mixture of semisaturatecaggs ammonium chloride solution and ethyl
acetate. The organic phase was removed, washedessivgly with saturated sodium
hydrogencarbonate solution and saturated sodiuroridel solution, dried over magnesium
sulphate, filtered and concentrated. The residueusad directly in the next stage, without further

purification.

Yield: 9.1 g (quant., 60% purity)

HPLC (Method 5): R= 2.7 min;

LC-MS (Method 2): R= 1.99 min; MS (ESIpos): m/z = 694 (M+H)
Intermediate 4

N-[(9H-fluoren-9-yImethoxy)carbonylIN-methyl-L-valyl-N-[(2R,3S,49)-1-carboxy-2-methoxy-4-

methylhexan-3-yl[N-methyl-L-valinamide
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CH

jl n\f on
L

9.1 g of the crude produbt[(9H-fluoren-9-yImethoxy)carbonylN-methyl-L-valylN-[(3R,4S55)-
1-tert-butoxy-3-methoxy-5-methyl-1-oxoheptan-4-Whmethyl-L-valinamide  (Intermediate  3)
were taken up in 56.6 ml of dichloromethane, 56l@hirifluoroacetic acid were added, and the
mixture was stirred at RT for 2 h. Subsequentlg thaction mixture was concentrated under
reduced pressure and the remaining residue wadiegurby flash chromatography, using
dichloromethane, 3:1 dichloromethane/ethyl acetated 15:5:0.5 dichloromethane/ethyl
acetate/methanol as eluent. After purificationhef torresponding fractions and concentration, 5.8

g (86% of theory) of the title compound were ob¢gims a colourless foam.
HPLC (Method 5): R= 2.2 min;

LC-MS (Method 1): R= 1.3 min; MS (ESlpos): m/z = 638 (M+H)
Intermediate 5

tert-butyl (29-1-(1,2-oxazinan-2-yl)-1-oxo-3-phenylpropan-2-grbamate

H,G CH, Q
H,C N
H
O N\/&
T y o

O

500 mg (1.9 mmol) oN-(tert-butoxycarbonyl)-L-phenylalanine were dissolvedLth ml of DMF
and admixed successively with 466 mg (3.8 mmol)1l@#-oxazinane hydrochloride (Starting
Compound 5), 433mg (2.3 mmol) of 1-(3-dimethylaomropyl)-3-ethylcarbodiimide
hydrochloride, 382 mg (2.8 mmol) of 1-hydroxi#-benzotriazole hydrate and 731 mg (5.7 mmol)
of N,N-diisopropylethylamine. The mixture was stirredRat overnight. The reaction mixture was

then poured into a mixture of semisaturated aqueumonium chloride solution and ethyl
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acetate. The organic phase was removed, washedessivaly with saturated sodium
hydrogencarbonate solution and saturated sodiuroridel solution, dried over magnesium

sulphate, filtered and concentrated. 620 mg (98%adry) of the title compound were obtained.
HPLC (Method 5): R= 1.8 min;

LC-MS (Method 2): R= 1.62 min; MS (ESIpos): m/z = 235 (Mgdz-CO,+H)".

Intermediate 6

(29-2-amino-1-(1,2-oxazinan-2-yl)-3-phenylpropan-ledrifluoroacetate

CF,COOH x H,N .

620 mg (1.85 mmol) dfert-butyl (29-1-(1,2-oxazinan-2-yl)-1-oxo-3-phenylpropan-2-grbamate
(Intermediate 5) were taken up in 5 ml of dichloathane, 10 ml of trifluoroacetic acid were
added and the mixture was stirred at RT for 30 rBiubsequently, the reaction mixture was
concentrated under reduced pressure and the remairgésidue was lyophilized from
water/acetonitrile. In this way, 779 mg (91% ofdhg of the title compound were obtained as a

colourless foam.

HPLC (Method 5): R= 0.45 min;

LC-MS (Method 3): R= 1.09 min; MS (ESlpos): m/z = 235 (M+H)
Intermediate 7

(2R,3R)-3-methoxy-2-methyN-[(29)-1-(1,2-0xazinan-2-yl)-1-oxo-3-phenylpropan-2-8H{2S)-

pyrrolidin-2-yl]propanamide trifluoroacetate



10

15

20

25

WO 2013/087716 - 165 - PCT/EP2012/075277

CH

CF,COOHx N 0

360 mg (1.25 mmol) of @R3R)-3-[(29-1-(tert-butoxycarbonyl)pyrrolidin-2-yl]-3-methoxy-2-
methylpropanoic acid (Starting Compound 1) wereemakip in 10 ml of DMF and admixed
successively with 579.2 mg (1.25 mmol) o8f2-amino-1-(1,2-oxazinan-2-yl)-3-phenylpropan-1-
one trifluoroacetate (Intermediate 6), 714.5 mg8§1l.mmol) of O-(7-azabenzotriazol-1-yl)-
N,N,N',N‘tetramethyluronium  hexafluorophosphate (HATU) an@55 pl of NN
diisopropylethylamine. The mixture was stirred at ®r 16 h. The reaction mixture was then
concentrated, and the residue was taken up in atlethte and extracted by shaking first with 5%
agueous citric acid solution, then with 5% aquesodium hydrogencarbonate solution and
subsequently with saturated sodium chloride satufidhe organic phase was concentrated and the
residue was purified by flash chromatography oieaigjel with 16:4 dichloromethane/methanol as
the eluent. The corresponding fractions were coetbiand the solvent was removed under
reduced pressure. After the residue had been driddr high vacuum, 503.5 mg (74% of theory)
of the Boc-protected intermediatert-butyl (29-2-[(1R,2R)-1-methoxy-2-methyl-3-{[(&)-1-(1,2-
oxazinan-2-yl)-1-oxo-3-phenylpropan-2-yllamino}-apropyl]pyrrolidine-1-carboxylate ~ were

obtained.
HPLC (Method 12): R= 2.0 min;
LC-MS (Method 1): R= 1.12 min; MS (ESIpos): m/z = 504 (M+H)

503 mg (1 mmol) of this intermediate were takenim®0 ml of dichloromethane, 10 ml of
trifluoroacetic acid were added, and the mixtures \wtrred at RT for 30 min. Subsequently, the
reaction mixture was concentrated under reducesspre and redistilled with dichloromethane.
The remaining residue was precipitated from etlogtate with n-pentane, and the solvent was
decanted off. The residue thus obtained was disdalvwater and extracted by shaking with ethyl
acetate, and the aqueous phase was subsequempttylized. In this way, 462 mg (89% of theory)

of the title compound were obtained as a coloufieas.
HPLC (Method 12): R=1.53 min;

LC-MS (Method 11): R= 0.57 min; MS (ESIpos): m/z = 404 (M+H)
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Intermediate 8

N-(tert-butoxycarbonyl)N-methyl-L-valyl-N-[(2R,3S 45)-1-carboxy-2-methoxy-4-methylhexan-3-
yl]-N-methyl-L-valinamide

CH

CH, Q"
/N\ )k \)k OH
H,c” | ~o
CH,

3

>lllu
/
@)
I

51 mg (0.08 mmol) ofN-[(9H-fluoren-9-ylmethoxy)carbonylN-methyl-L-valyl-N-[(2R,3S,4S)-1-
carboxy-2-methoxy-4-methylhexan-3-WHnethyl-L-valinamide (Intermediate 4) were dissalve
in 10 ml of DMF, and 0.5 ml of piperidine was addédter stirring at RT for 10 min, the reaction
mixture was concentrated under reduced pressurehanctesidue was stirred with diethyl ether.
The insoluble constituents were filtered off andshed repeatedly with diethyl ether. Then the
filter residue was taken up in 5 ml of dioxane/wated the solution was adjusted to pH 11 with 1
N sodium hydroxide solution. Under ultrasound tmeait, a total of 349 mg (1.6 mmol) of teir-
butyl dicarbonate were added in several portiamtghé course of which the pH of the solution was
kept at 11. After the reaction had ended, the diexaas evaporated off and the aqueous solution
was adjusted to a pH of 2-3 with citric acid. Thixtore was extracted twice with 50 ml each time
of ethyl acetate. The organic phases were combidei@éd over magnesium sulphate and
concentrated under reduced pressure. The residsiéakean up in diethyl ether and the of the title
compound was precipitated with pentane. The solwexs removed by decantation. The residue
was digested several times more with pentane aadlyfidried under high vacuum. 40 mg (97% of

theory) of the title compound were thus obtained.

HPLC (Method 6): R= 2.2 min;

LC-MS (Method 2): R= 1.32 min; MS (ESIpos): m/z = 516 (M+H)
Intermediate 9

tert-butyl (29-2-[(1R,2R)-1-methoxy-2-methyl-3-{[($,2R)-1-(1,2-0xazinan-2-ylcarbonyl)-2-
phenylcyclopropyllamino}-3-oxopropyl]pyrrolidine-géarboxylate
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CH, N
HN\Z N
HC)ZHS A o
H,C /g o. O :
0 CH, :

The title compound was prepared in analogy to y#imhesis of Intermediates 5, 6 and 7 over three
stages, by coupling of commercially available S2R)-1-[(tert-butoxycarbonyl)amino]-2-
phenylcyclopropanecarboxylic acid with 1,2-oxazi@amydrochloride (Starting Compound 5),
subsequent deprotection with trifluoroacetic agid aoupling with Starting Compound 1. The end

product was purified by preparative HPLC.

HPLC (Method 5): R=2.12 min;

LC-MS (Method 2): R= 1.25 min; MS (ESIpos): m/z = 516 (M+H)
Intermediate 10

N-[(9H-fluoren-9-yImethoxy)carbonylIN-methyl-L-valyl-N-[(3R,4S,59)-1-{(29-2-[(1R,2R)-2-
carboxy-1-methoxypropyl]pyrrolidin-1-yl}-3-methoxy-methyl-1-oxoheptan-4-ylN-methyl-L -
valinamide

Qo KWM

315 mg (0.494 mmol) oN-[(9H-fluoren-9-yImethoxy)carbonylN-methyl-L-valylN-[(2R,3S4S)-
1-carboxy-2-methoxy-4-methylhexan-3-WHmnethyl-L-valinamide  (Intermediate  4)  were
dissolved in 12 ml of DMF, and admixed with 104 m®.543 mmol) of 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochitie and 83 mg (0.543 mmol) of 1-hydroxy-

1H-benzotriazole hydrate, and the mixture was stige®T for 90 min. Subsequently, 112 ul of
N,N-diisopropylethylamine and 149 mg (0.494 mmol) @R,ER)-3-methoxy-2-methyl-3-[(3)-
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pyrrolidin-2-yl]propanoic acid trifluoroacetate, weh had been prepared beforehand from Starting
Compound 1 by elimination of the Boc protectinggrdy means of trifluoroacetic acid, were
added. The mixture was stirred at RT for 2 h arghtboncentrated under high vacuum. The
remaining residue was purified twice by preparatieLC. 140 mg (35% of theory) of the title

compound were obtained in the form of a colourfeasn.

HPLC (Method 5): R= 2.40 min;

LC-MS (Method 1): R= 1.38 min; MS (ESIpos): m/z = 807 (M+H)
Intermediate 11

N-[(benzyloxy)carbonyl[N-methyl-L-threonyIN-[(2R,3S 49)-1-carboxy-2-methoxy-4-
methylhexan-3-yl[N-methyl-L-valinamide

CH

\)k OH

CH

>.....

3

First, N-[(benzyloxy)carbonylN-methyl-L-threonine was released from 237 mg (0.887#ol) of

its dicyclohexylamine salt thereof by taking it upethyl acetate and extractive shaking with 5%
aqueous sulphuric acid. The organic phase was dred magnesium sulphate, filtered and
concentrated. The residue was taken up in 16 BIMF and admixed successively with 365 mg
(1 mmol) of tert-butyl (3R4S59-3-methoxy-5-methyl-4-[methyl(L-valyl)amino]heptaate
(Intermediate 2), 185 mg (0.967 mmol) of 1-(3-diyaminopropyl)-3-ethylcarbodiimide
hydrochloride and 148 mg (0.967 mmol) of 1-hydrd¥benzotriazole hydrate. The mixture was
stirred at RT for 2 h. The reaction mixture wasnthmured into a mixture of semisaturated
agueous ammonium chloride solution and ethyl aeefétte organic phase was removed, washed
successively with saturated sodium hydrogencarkeosatution and saturated sodium chloride
solution, dried over magnesium sulphate, filtered aoncentrated. The residue was purified by
preparative HPLC. 283 mg (53% of theory) of thert-butyl ester intermediateN-
[(benzyloxy)carbonylN-methyl-L-threonylN-[(3R,4S,55)- 1tert-butoxy-3-methoxy-5-methyl-1-

oxoheptan-4-yl[N-methyl-L-valinamide were thus obtained.

HPLC (Method 5): R=2.17 min.
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283 mg (0.466 mmol) of this intermediate were takgnin 5 ml of dichloromethane, 5 ml of
anhydrous trifluoroacetic acid were added, and thigture was stirred at RT for 2 h.
Subsequently, the reaction mixture was concentnaiel@r high vacuum and the remaining residue
was purified by means of preparative HPLC. Thisegdb6 mg (61% of theory) of the title

compound as a colourless foam.

HPLC (Method 5): R= 1.50 min;

LC-MS (Method 2): R= 1.09 min; MS (ESIpos): m/z = 552 (M+H)
Intermediate 12

benzyl N-{(2 R,3R)-3-methoxy-2-methyl-3-[(3)-pyrrolidin-2-yl]propanoyl}-L-phenylalaninate

trifluoroacetate

CF,COOH x ” “ )

In the first step, Starting Compound 1 was reledsmd 600 mg (1.28 mmol) of the corresponding
dicyclohexylammonium salt by dissolving the salt 100 ml of ethyl acetate and extractive
shaking, first with 50 ml of 0.5% sulphuric aciddatmen with saturated sodium chloride solution.
Then the organic phase was dried over magnesiuphatd, filtered, concentrated and reacted
immediately with benzyl L-phenylalaninate in analdg the synthesis of Intermediate 7, and then

deprotected.
Yield: 650 mg (94% over 2 stages)
HPLC (Method 6): R=1.76 min;

LC-MS (Method 2): R= 1.68 min; MS (ESIpos): m/z = 425 (M+H)

Intermediate 13

benzyl 69-N-{(2 R,3R)-3-methoxy-2-methyl-3-[(3)-pyrrolidin-2-yl]propanoyl}{3-methyl-L -

phenylalaninate trifluoroacetate
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CH, (0]
H
N,
CF;COOH x H ‘. 0
(@] &
N N
CH, H.C

First, (R,3R)-3-[(29-1-(tert-butoxycarbonyl)pyrrolidin-2-yl]-3-methoxy-2-metipropanoic acid
was released from 351 mg (0.75 mmol) of the didyekylamine salt (Starting Compound 1) by
taking it up in ethyl acetate and extractive shgkinth aqueous 5% potassium hydrogensulphate
solution. The organic phase was dried over magnesiulphate, filtered and concentrated. The
residue was taken up in 10 ml of DMF and admixectessively with 373 mg (0.75 mmol) of
benzyl B9-B-methyl-L-phenylalaninate trifluoroacetate [premghriegom commercially available
(BS)-N-(tert-butoxycarbonyl3-methyl-L-phenylalanine by EDC/DMAP-mediated edteation
with benzyl alcohol and subsequent detachment @fBibc protecting group with trifluoroacetic
acid], 428 mg (1.125 mmol) ofO-(7-azabenzotriazol-1-y{,N,N',N‘tetramethyluronium
hexafluorophosphate (HATU) and 392 plNfN-diisopropylethylamine. The mixture was stirred
at RT for 20 h. The reaction mixture was then pdurato a mixture of semisaturated aqueous
ammonium chloride solution and ethyl acetate. Thgawic phase was removed, washed
successively with saturated sodium hydrogencarleoratution and saturated sodium chloride
solution, and subsequently concentrated. The resihs purified by means of preparative HPLC.
This gave 230 mg (57% of theory) of the Boc-pratdcintermediate benzyB§-N-{(2R,3R)-3-
[(29)-1-(tert-butoxycarbonyl)pyrrolidin-2-yl]-3-methoxy-2-methriopanoyl}3-methyl-L -

phenylalaninate.
HPLC (Method 6): R= 2.3 min;
LC-MS (Method 1): R= 1.36 min; MS (ESIpos): m/z = 539 (M+H)

230 mg (0.42 mmol) of this intermediate were takgnin 5 ml of dichloromethane, 5 ml of
trifluoroacetic acid were added, and the mixtures \wtrred at RT for 30 min. Subsequently, the
reaction mixture was concentrated under reduceskpre. The remaining residue was the reaction
mixture dried further under reduced pressure aed thiophilized from acetonitrile/water. In this

way, 230 mg (quant.) of the title compound wereaoisd.

HPLC (Method 6): R= 1.6 min.
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Intermediate 14

N-methyl-L-valylN-[(3R,4S59)-3-methoxy-1-{(&)-2-[(1R,2R)-1-methoxy-2-methyl-3-{[(5)-1-
(1,2-oxazinan-2-yl)-1-oxo-3-phenylpropan-2-yllanjifgoxopropyl]pyrrolidin-1-yl}-5-methyl-1-

oxoheptan-4-ylN-methyl-L-valinamide trifluoroacetate

>.

x CF,COOH

143 mg (0.223 mmol) ofN-[(9H-fluoren-9-ylmethoxy)carbonylN-methyl-L-valyl-N-[(2R,3S,49)-
1-carboxy-2-methoxy-4-methylhexan-3-WHmethyl-L-valinamide (Intermediate 4) were taken up
in 15 ml of DMF and admixed successively with 144 (0.22 mmol) of (R 3R)-3-methoxy-2-
methylN-[(29-1-(1,2-oxazinan-2-yl)-1-ox0-3-phenylpropan-2-8H{29)-pyrrolidin-2-
yl]propanamide trifluoroacetate (Intermediate 42 Ing (0.27 mmol) oD-(7-azabenzotriazol-1-
yI)-N,N,N',Ntetramethyluronium hexafluorophosphate (HATU) dr&8 pl (0.74 mmol) oN,N-
diisopropylethylamine. The mixture was stirred at Rr 3 h. The reaction mixture was then
poured into a mixture of semisaturated aqueous ariumo chloride solution and ethyl acetate.
The organic phase was removed, washed successitblysaturated sodium hydrogencarbonate
solution and saturated sodium chloride solutioneddrover magnesium sulphate, filtered and
concentrated. This gave 275 mg (quant.) of the Fpnotected intermediatdl-[(9H-fluoren-9-
yimethoxy)carbonyl[N-methyl-L-valyl-N-[(3R,4S,59)-3-methoxy-1-{(Z&)-2-[(1R,2R)-1-methoxy-
2-methyl-3-{[(29-1-(1,2-0xazinan-2-yl)-1-0x0-3-phenylpropan-2-yijamo}-3-
oxopropyl]pyrrolidin-1-yI}-5-methyl-1-oxoheptan-4lyN-methyl-L-valinamide.

HPLC (Method 5): R=2.73 min;
LC-MS (Method 4): R= 3.19 min; MS (ESIpos): m/z = 1023 (M+H)

46 mg (0.045 mmol) of this intermediate were digsdlin 4 ml of DMF. After 1 ml of piperidine
had been added, the reaction mixture was stirr&®Taor 1 h. Subsequently, the reaction mixture
was concentrated under reduced pressure and tideigesas purified by means of preparative
HPLC (eluent: acetonitrile + 0.01% TFA / water €% TFA). 22 mg (54% of theory) of the title

compound were obtained as a colourless foam.
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HPLC (Method 5): R=1.68 min;
LC-MS (Method 2): R= 1.03 min; MS (ESlpos): m/z = 801 (M+H)

'H NMR (600 MHz, DMSO-g¢): & = 8.8 (m, 2H), 8.7 (m, 1H), 8.42 and 8.15 (2d, 1H3-7.1 (m,
5H), 5.12 and 4.95 (2m, 1H), 4.70 and 4.62 (2m, #H2 and 4.50 (2t, 1H), 4.1-3.9 (m, 3H), 3.85
(m, 1H), 3.75-3.6 (m, 2H), 3.23, 3.18, 3.17, 3.342 and 2.96 (6s, 9H), 3.1-2.9 and 2.75 (2m,
2H), 2.46 (m, 3H), 2.4-2.1 (m, 2H), 2.05 (br. m,)2H.85-1.55 (br. m, 6H), 1.5-1.2 (br. m, 3H),
1.1-0.8 (m, 18H), 0.75 (t, 3H) [further signalsdhésh under LD peak].

Intermediate 15

N-methyl-L-valylN-[(3R,4559)-3-methoxy-1-{(&)-2-[(1R,2R)-1-methoxy-2-methyl-3-{[ (& 39)-
1-(1,2-oxazinan-2-yl)-1-oxo-3-phenylbutan-2-ylJamjB-oxopropyl]pyrrolidin-1-yl}-5-methyl-1-

oxoheptan-4-yl[N-methyl-L-valinamide trifluoroacetate

 Lop Gt el

>.

3 3 3

x CF,COOH

126 mg (0.198 mmol) oN-[(9H-fluoren-9-ylmethoxy)carbonylN-methyl-L-valyl-N-[(2R,3S,49)-
1-carboxy-2-methoxy-4-methylhexan-3-WHmethyl-L-valinamide (Intermediate 4) were taken up
in 10 ml of DMF and admixed successively with 10§ (0.198 mmol) of (R,3R)-3-methoxy-2-
methylN-[(2539)-1-(1,2-0xazinan-2-yl)-1-oxo-3-phenylbutan-2-yH2S)-pyrrolidin-2-
yl]propanamide ftrifluoroacetate (Intermediate 1731.6 mg (0.217 mmol) of 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochitte, 33 mg (0.217 mmol) of 1-hydroxydi
benzotriazole hydrate and 79 pl (0.454 mmol)NpR-diisopropylethylamine. The mixture was
stirred at RT overnight. The reaction mixture whsnt poured into a mixture of semisaturated
agueous ammonium chloride solution and ethyl aeefétte organic phase was removed, washed
successively with saturated sodium hydrogencarkeosatution and saturated sodium chloride
solution, dried over magnesium sulphate, filterad aoncentrated. This gave 220 mg (quant.) of
the Fmoc-protected intermediatéN-[(9H-fluoren-9-yImethoxy)carbonylN-methyl-L-valyl-N-
[(BR,4S,59-3-methoxy-1-{(D)-2-[(1R,2R)-1-methoxy-2-methyl-3-{[(&3S)-1-(1,2-0xazinan-2-yl)-
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1-oxo-3-phenylbutan-2-ylJamino}-3-oxopropyl]pyrrdin-1-yl}-5-methyl-1-oxoheptan-4-yIN-

methyl-L-valinamide.
HPLC (Method 5): R= 2.77 min;
LC-MS (Method 1): R= 1.5 min; MS (ESlpos): m/z = 1037 (M+H)

220 mg (0.212 mmol) of this intermediate were digsin 5 ml of DMF. After 1 ml of piperidine
had been added, the reaction mixture was stirr&®iTafor 1 h. Subsequently, the reaction mixture
was concentrated under reduced pressure and tideieesas purified by means of preparative
HPLC (eluent: acetonitrile + 0.01% TFA / water €% TFA). 91 mg (46% of theory) of the title

compound were obtained as a colourless foam.
HPLC (Method 5): R=1.71 min;
LC-MS (Method 1): R= 0.9 min; MS (ESIpos): m/z = 815 (M+H)

'H NMR (600 MHz, DMSO-¢): & = 8.87 and 8.80 (2d, 2H), 8.75 (m, 1H), 8.40 ar@B72d, 1H),
7.3-7.1 (m, 5H), 5.45 and 5.2 (2t, 1H), 4.78 ar&242m, 1H), 4.73 and 4.58 (2t, 1H), 4.2-4.0 (m,
3H), 3.7-3.6 (m, 1H), 3.35, 3.20, 3.18, 3.14, 3ah@ 3.00 (6s, 9H), 3.1 and 2.95 (2m, 2H), 2.46
(m, 3H), 2.4-2.0 (M, 4H), 1.9-1.6 (m, 4H), 1.6-{m, 5H), 1.1-0.75 (m, 21H), 0.80 (t, 3H) [further

signals hidden under,@ peak].
Intermediate 16

N-methyl-L-valyl-N-[(3R,4559)-3-methoxy-1-{(&)-2-[(1R,2R)-1-methoxy-2-methyl-3-{[(5 2R)-
1-(1,2-oxazinan-2-ylcarbonyl)-2-phenylcyclopropyijmo}-3-oxopropyl]pyrrolidin-1-yl}-5-

methyl-1-oxoheptan-4-yIN-methyl-L-valinamide trifluoroacetate

fﬂ%wz

3

x CF,COOH

617 mg (1.2 mmol) ofert-butyl (29-2-[(1R,2R)-1-methoxy-2-methyl-3-{[(52R)-1-(1,2-0xazinan-
2-ylcarbonyl)-2-phenylcyclopropyl]amino}-3-oxoprolpyyrrolidine-1-carboxylate  (Intermediate
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24) were taken up in 44 ml of dichloromethane, Ml4f trifluoroacetic acid were added and the
mixture was stirred at RT for 30 min. Subsequeritig, reaction mixture was concentrated under
reduced pressure and the remaining residue wasilizgul from dioxane/water. 702 mg (quant.)
of the deprotected compound R23R)-3-methoxy-2-methyN-[(1S2R)-1-(1,2-0xazinan-2-
ylcarbonyl)-2-phenylcyclopropyl]-3-[@-pyrrolidin-2-yl]propanamide trifluoroacetate  were

obtained as a crude product, which was used ifotlwving stage without further purification.

470 mg (0.74 mmol) olN-[(9H-fluoren-9-yImethoxy)carbonylN-methyl-L-valyl-N-[(2R,3S,49)-1-
carboxy-2-methoxy-4-methylhexan-3-\WHnethyl-L-valinamide (Intermediate 4) were takenimip
57 ml of DMF and admixed successively with 390 mgpfox. 0.74 mmol) of the above-obtained
(2R,3R)-3-methoxy-2-methyN-[(1S 2R)-1-(1,2-oxazinan-2-ylcarbonyl)-2-phenylcycloprop$gt
[(29-pyrrolidin-2-yl]propanamide trifluoroacetate, 386y (0.88 mmol) ofO-(7-azabenzotriazol-
1-y1)-N,N,N',N:tetramethyluronium hexafluorophosphate (HATU) &&3 pl (2.4 mmol) oN,N-
diisopropylethylamine. The mixture was stirred at Rr 2 h. The reaction mixture was then
poured into a mixture of semisaturated aqueous ariumo chloride solution and ethyl acetate.
The organic phase was removed, washed successwtblysaturated sodium hydrogencarbonate
solution and saturated sodium chloride solutioneddrover sodium sulphate, filtered and
concentrated. The residue was purified by prepaa&iPLC. This gave 453 mg (59% of theory) of
the Fmoc-protected intermediatéN-[(9H-fluoren-9-ylmethoxy)carbonylN-methyl-L-valyl-N-
[(BR,4S,59)-3-methoxy-1-{(ZD)-2-[(1R,2R)-1-methoxy-2-methyl-3-{[(52R)-1-(1,2-0xazinan-2-
ylcarbonyl)-2-phenylcyclopropylJamino}-3-oxopropplrrolidin-1-yl}-5-methyl-1-oxoheptan-4-
yl]-N-methyl-L-valinamide.

HPLC (Method 5): R= 2.58 min;
LC-MS (Method 1): R= 3.10 min; MS (ESIpos): m/z = 1035 (M+H)

453 mg (0.438 mmol) of this intermediate were disst in 24 ml of DMF. After 2.4 ml of

piperidine had been added, the reaction mixture stiaed at RT for 30 min. Subsequently, the
reaction mixture was concentrated under reducedspre and the residue was purified by
preparative HPLC (eluent: acetonitrile / 0.1% THFAwater). 260 mg (64% of theory) of the title

compound were obtained as a colourless foam.
HPLC (Method 5): R=1.64 min;
LC-MS (Method 1): R= 0.86 min; MS (ESIpos): m/z = 813 (M+H)

'H NMR (400 MHz, DMSO-¢): & = 8.8 (m, 2H), 8.65 (m, 2H), 7.3-7.1 (m, 5H), 4.85 (m, 2H),
4.0 and 3.82 (2m, 2H), 3.8-3.5 (m, 8H), 3.32, 3290, 3.19, 3.12 and 3.00 (6s, 9H), 2.65 (t, 1H),



10

15

20

25

WO 2013/087716 -175 - PCT/EP2012/075277

2.5-2.45 (m, 3H), 2.4-1.3 (m, 15H), 1.15-0.85 (rBH}, 0.8 and 0.75 (2d, 3H) [further signals
hidden under KO peak].

Intermediate 17
N-benzylN-methyl-L-phenylalaninamide trifluoroacetate

H3C\N

CF,COOH x HZN\/&O

1000 mg (3.77 mmol) oN-(tert-butoxycarbonyl)-L-phenylalanine were dissolvedlid ml of
DMF and admixed with 457 mg (3.77 mmol) fmethylbenzylamine, 2150 mg (5.65 mmol) of
O-(7-azabenzotriazol-1-yi¥,N,N',Ntetramethyluronium hexafluorophosphate and 65@f|N,N-
diisopropylethylamine. The reaction mixture wasretl at RT for 30 min and then concentrated
under reduced pressure. The residue was taken dighforomethane and extracted by shaking
three times with water. The organic phase was drigd magnesium sulphate and concentrated.
The residue was purified by flash chromatographysitica gel with 3:1 petroleum ether/ethyl
acetate as the eluent. The product fractions wameentrated and the residue was dried under high
vacuum. This gave 1110 mg (75% of theory) of the-Bmtected intermediate-benzylN’-(tert-
butoxycarbonyl)N-methyl-L-phenylalaninamide.

HPLC (Method 6): R= 2.1 min;
LC-MS (Method 1): R= 1.14 min; MS (ESIpos): m/z = 369 (M+H)

1108 mg (3,007 mmol) of this intermediate were takp in 30 ml of dichloromethane, 10 ml of
trifluoroacetic acid were added, and the mixtures wtrred at RT for 30 min. Subsequently, the
reaction mixture was concentrated under reduceskpre, the remaining residue was stirred with
dichloromethane and the solvent was distilled dfhe residue was stirred twice more with
pentane, the solvent was decanted off again eawhdnd the of the title compound was finally
dried under high vacuum. 1075 mg (93% of theorytheftitle compound were thus obtained as a

resin.
HPLC (Method 6): R= 1.6 min;

LC-MS (Method 1): R= 0.6 min; MS (ESIpos): m/z = 269 (M+H)
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Intermediate 18

N-benzylN®-{(2 R,3R)-3-methoxy-2-methyl-3-[(8)-pyrrolidin-2-yl]propanoyl}N-methyl-L-

phenylalaninamide trifluoroacetate

CF,COOH x

I=

First, (&R,3R)-3-[(29-1-(tert-butoxycarbonyl)pyrrolidin-2-yl]-3-methoxy-2-metipropanoic acid
(Starting Compound 1) was released from 141 mg@@mmol) of its dicyclohexylamine salt by
taking it up in ethyl acetate and extractive shgkiwith 5% aqueous sulphuric acid. The organic
phase was dried over magnesium sulphate, filteneldcancentrated. The residue was taken up in
10 ml of DMF and 187.6 mg (0.49 mmol) df-benzylN-methyl-L-phenylalaninamide
trifluoroacetate (Intermediate 9), 190.3 mg (1.4mat) of O-(7-azabenzotriazol-1-yIN,N,N',N*
tetramethyluronium hexafluorophosphate (HATU) a6 il of N,N-diisopropylethylamine were
added. The mixture was stirred at RT for 1 h. Téaction mixture was then concentrated, the
residue was taken up in ethyl acetate and theisolwtas subsequently extracted by shaking
successively with saturated ammonium chloride smiutsaturated sodium hydrogencarbonate
solution and water. The organic phase was dried magnesium sulphate and concentrated. The
residue was purified by flash chromatography orcaigel with 30:1 acetonitrile/water as the
eluent. The product fractions were concentrated thedresidue was dried under high vacuum.
This gave 168 mg (64% of theory) of the Boc-pratddntermediatéert-butyl (29-2-[(1R,2R)-3-
({(29-1-[benzyl(methyl)amino]-1-oxo-3-phenylpropan-2amino)-1-methoxy-2-methyl-3-

oxopropyl]pyrrolidine-1-carboxylate.
HPLC (Method 6): R= 2.2 min;
LC-MS (Method 2): R= 1.22 min; MS (ESlpos): m/z = 538 (M+H)

168 mg (0.312 mmol) of this intermediate were takenin 15 ml of dichloromethane, 3 ml of

trifluoroacetic acid were added, and the mixtures wtrred at RT for 30 min. Subsequently, the
reaction mixture was concentrated under reducesspre. The remaining residue was stirred first
with dichloromethane, then with diethyl ether, dhd solvent was distilled off again each time.
After drying under high vacuum, 170 mg (99% of thg®f the title compound were obtained as a

resin.
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HPLC (Method 6): R= 1.7 min;
LC-MS (Method 1): R= 0.73 min; MS (ESlpos): m/z = 438 (M+H)
Intermediate 19

methyl N-{(2 R,3R)-3-methoxy-2-methyl-3-[(3)-pyrrolidin-2-yl]propanoyl}-L-phenylalaninate
trifluoroacetate

CF,COOH x

Iz

The title compound was prepared in analogy to yimthesis of Intermediate 18, proceeding from
(2R, 3R)-3-[(29)-1-(tert-butoxycarbonyl)pyrrolidin-2-yl]-3-methoxy-2-methpgropanoic acid
(Starting Compound 1), which was released from dieyclohexylamine salt, and methyl L-

phenylalaninate hydrochloride.

HPLC (Method 5): R= 0.6 min;

LC-MS (Method 3): R= 1.17 min; MS (ESIpos): m/z = 349 (M+H)
Intermediate 20

benzyl N-{(2 R,3R)-3-methoxy-2-methyl-3-[(g)-pyrrolidin-2-yl]propanoyl}-L-tryptophanate
trifluoroacetate

CH, o)
H
\ N
CF,COOHx N o]
o) o)
~CH

‘°’ /

N
H

The title compound was prepared in analogy to yimthesis of Intermediate 18, proceeding from
(2R,3R)-3-[(29)-1-(tert-butoxycarbonyl)pyrrolidin-2-yl]-3-methoxy-2-mettpriopanoic acid
(Starting Compound 1), which was released from dieyclohexylamine salt, and benzyl L-

tryptophanate.
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HPLC (Method 6): R= 2.0 min;
LC-MS (Method 1): R= 0.8 min; MS (ESIpos): m/z = 464 (M+H)
Intermediate 21

benzyl (1S.2R)-1-({(2R,3R)-3-methoxy-2-methyl-3-[(3)-pyrrolidin-2-yl]propanoyl}amino)-2-

5 phenylcyclopropanecarboxylate trifluoroacetate

CH O
3 H £\©
Z\\‘\\ (e}
0] (@] £
“CH,

CF,COOHX N

The title compound was prepared in analogy to fimthesis of Intermediate 18, proceeding from
(2R,3R)-3-[(29)-1-(tert-butoxycarbonyl)pyrrolidin-2-yl]-3-methoxy-2-mettpriopanoic acid
(Starting Compound 1), which was released fromdilogclohexylamine salt, and benzylS2R)-

10 1-amino-2-phenylcyclopropanecarboxylate. Benzyl SZR)-1-amino-2-
phenylcyclopropanecarboxylate had been preparemtddeind by standard methods, by esterifying
commercially available @2R)-1-[(tert-butoxycarbonyl)amino]-2-phenylcyclopropanecarbaxyl

acid with benzyl alcohol and subsequent Boc detactnvith trifluoroacetic acid.
HPLC (Method 5): R= 1.5 min;

15 LC-MS (Method 2): R= 0.93 min; MS (ESIpos): m/z = 437 (M+H)
Intermediate 22

6-(2,5-dioxo-2,5-dihydro-Hi-pyrrol-1-yl)-N'-methylhexanehydrazide trifluorodate

@)
CH
CF3COOH § / \/\/\)'L \H
N N,NH

100 mg (473 pmol) of 6-(2,5-dioxo-2,5-dihydrétpyrrol-1-yl)hexanoic acid were dissolved in 71
20 pl of DMF and then admixed with 139 mg (947 umdljest-butyl 1-methylhydrazinecarboxylate,
182 mg (947 pmol) of 1-(3-dimethylaminopropyl)-3wgdtarbodiimide hydrochloride and 145 mg
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(947 pmol) of 1-hydroxy-H-benzotriazole hydrate. The mixture was stirre@Ratovernight and
then concentrated under reduced pressure. The memaiesidue was purified by means of
preparative HPLC. After lyophilization from dioxdmater, 129 mg (80% of theory) of the

protected intermediate were obtained as a colauftesn.

Subsequently, the 129 mg (380 pmol) were deblogkigd 2 ml of trifluoroacetic acid in 8 ml of
dichloromethane. After stirring at RT for 1 h, tteaction mixture was concentrated under reduced
pressure. The residue was lyophilized from acetitedivater, which left 125 mg (83% of theory)

of the title compound as a colourless foam.
LC-MS (Method 1): R= 0.38 min; MS (ESIpos): m/z = 240 (M+H)
Intermediate 23

N-(2-aminoethyl)-4-(2,5-dioxo-2,5-dihydrd-ltpyrrol-1-yl)-N-methylbutanamide trifluoroacetate

CH, 0
CF,COOH x HZNNNWN ).
0
o

First, 35 mg (164 pmol) of tert-butyl 2-(methylamjethyl carbamate hydrochloride
trifluoroacetate, 30 mg (164 pmol) of 4-(2,5-dic&-dihydro-H-pyrrol-1-yl)butanoic acid, 75
mg (197 umol) of O-(7-azabenzotriazol-1-W)N,N',Ntetramethyluronium hexafluorophosphate
and 57 pl ofN,N-diisopropylethylamine were combined in 5 ml of DMiad stirred at RT
overnight. Subsequently, the solvent was removedkeumeduced pressure and the remaining
residue was purified by means of preparative HPO®e corresponding fractions were
concentrated and, by lyophilization from dioxaneg&ra35 mg (63% of theory) of the protected

intermediate were obtained.
HPLC (Method 12): R= 1.6 min;
LC-MS (Method 1): R= 0.71 min; MS (ESIpos): m/z = 340 (M+H)

Subsequently, the entire amount of the protectédrrimediate was deblocked with 1 ml of
trifluoroacetic acid in 5 ml of dichloromethane éobtain 28 mg (77% of theory) of the title

compound.

LC-MS (Method 3): R= 0.75 min; MS (ESIpos): m/z = 240 (M+H)
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Intermediate 24

4-(2,5-dioxo-2,5-dihydro-Hi-pyrrol-1-yl)-N-[2-(methylamino)ethyl]butanamiddftuoroacetate

N
CF;COOH x H

First, 35 mg (164 pmol) of tert-butyl (2-aminoefhgethyl carbamate hydrochloride
trifluoroacetate, 30 mg (164 pumol) of 4-(2,5-dia&-dihydro-H-pyrrol-1-yl)butanoic acid, 75
mg (197 umol) of O-(7-azabenzotriazol-1-))N,N',N-tetramethyluronium hexafluorophosphate
and 57 pl ofN,N-diisopropylethylamine were combined in 5 ml of DMRd stirred at RT for 30
min. Subsequently, the solvent was removed undiuced pressure and the remaining residue
was purified by means of preparative HPLC. The esponding fractions were concentrated and,
by lyophilization from dioxane/water, 51 mg (91%tbEory) of the protected intermediate were

obtained.
HPLC (Method 12): R= 1.6 min;
LC-MS (Method 1): R= 0.77 min; MS (ESIpos): m/z = 340 (M+H)

Subsequently, the entire amount was deprotecteld Witnl of trifluoroacetic acid in 5 ml of

dichloromethane to obtain 45 mg (69% of theoryjhef titte compound.
LC-MS (Method 1): R= 0.19 min; MS (ESIpos): m/z = 240 (M+H)
Intermediate 25

benzyl (R 3R)-3-methoxy-2-methyl-3-[(3)-pyrrolidin-2-yl]propanoate trifluoroacetate

CF,COOH x o

I=

First, (R,3R)-3-[(29-1-(tert-butoxycarbonyl)pyrrolidin-2-yl]-3-methoxy-2-metipropanoic acid
was released from 1.82 g (388 mmol) of its dicyebgamine salt by taking it up in ethyl acetate
and extractive shaking with 100 ml of 0.5% sulpbuwatid. The organic phase was dried over

magnesium sulphate, filtered and concentrated.résiedue was taken up in 10 ml of dioxane and
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10 ml of water, 1517 mg (4.66 mmol) of caesium oadie were added, and the mixture was
treated in an ultrasound bath for 5 min and comaéed under reduced pressure and redistilled
once with DMF. The residue was then taken up il 5f dichloromethane, and 1990 mg (11.64
mmol) of benzyl bromide were added. The mixtures waated in an ultrasound bath for 15 min
and then concentrated under reduced pressure.eEidie was partitioned between ethyl acetate
and water, and the organic phase was removed anaced by shaking with saturated sodium
chloride solution and then concentrated. The resigdas then purified by preparative HPLC. This

gave 1170 mg (80% of theory) of the Boc-protecigdrmediate.

Subsequently, these 1170 mg were deprotected inateddiwith 5 ml of trifluoroacetic acid in 15
ml of dichloromethane. After stirring at RT for 1Bin, the reaction mixture was concentrated
under reduced pressure. The residue was lyophilireth dioxane. After drying under high

vacuum, there remained 1333 mg (84% of theoryhetitle compound as a yellow oil.
HPLC (Method 6): R= 1.5 min;

LC-MS (Method 1): R= 0.59 min; MS (ESIpos): m/z = 278 (M+H)

Intermediate 26

N-(tert-butoxycarbonyl)N-methyl-L-valyl-N-[(3R,4S559)-1-{(29)-2-[(1R,2R)-2-carboxy-1-
methoxypropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-txoheptan-4-yl[N-methyl-L-valinamide

H,C.__-CH,
CH, O
H3C 7\0)'LN
H,C |
CH, O

3 3 3

>.

1200 mg (2.33 mmol) oN-(tert-butoxycarbonyl)N-methyl-L-valylN-[(2R,3S,49)-1-carboxy-2-
methoxy-4-methylhexan-3-yl-methyl-L-valinamide (Intermediate 5) were combingith 910.8
mg (2.33 mmol) of benzyl @3R)-3-methoxy-2-methyl-3-[(3)-pyrrolidin-2-yl]propanoate
trifluoroacetate (Intermediate 14), 1327 mg (3.4901) of O-(7-azabenzotriazol-1-yIN,N,N',N*
tetramethyluronium hexafluorophosphate and 202afN,N-diisopropylethylamine in 50 ml of
DMF, and the mixture was stirred at RT for 5 mimeTeafter, the solvent was removed under
reduced pressure. The remaining residue was taxeén athyl acetate and extracted by shaking
successively with 5% aqueous citric acid solutiord ssaturated sodium hydrogencarbonate
solution. The organic phase was removed and coratedt The residue was purified by means of

preparative HPLC. The product fractions were combdiand concentrated, and the residue was
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dried under high vacuum. This gave 1000 mg (55%mebry) of the benzyl ester intermediéte
(tert-butoxycarbonyl)N-methyl-L-valyl-N-[(3R,4S,55)-1-{(29-2-[(1R,2R)-3-(benzyloxy)-1-
methoxy-2-methyl-3-oxopropyl]pyrrolidin-1-yl}-3-mkbxy-5-methyl-1-oxoheptan-4-y§-methyl-

L-valinamide as a resin.
LC-MS (Method 1): R= 1.56 min; MS (ESIpos): m/z = 775 (M+H)

The entire amount of this intermediate obtained ta&sn up in 25 ml of a mixture of methanol
and dichloromethane (20:1), and the benzyl esteummwas removed by hydrogenation under
standard hydrogen pressure with 10% palladium timaded carbon as a catalyst. After stirring at
RT for 30 min, the catalyst was filtered off anck tfiltrate was concentrated under reduced

pressure. This gave 803 mg (91% of theory) of ittee¢compound as a white solid.
HPLC (Method 6): R= 2.1 min;

LC-MS (Method 1): R= 1.24 min; MS (ESIpos): m/z = 685 (M+H)
Intermediate 27

(1S,2R)-1-amino-2-phenyN-propylcyclopropanecarboxamide trifluoroacetate

HN/\/CHs

HZN ‘\\\\K
CF,COOH x A ©

The title compound was prepared by coupling comiallyc available (B 2R)-1-[(tert-
butoxycarbonyl)amino]-2-phenylcyclopropanecarbaxycid withn-propylamine in the presence
of O-(7-azabenzotriazol-1-yIN,N,N',N-tetramethyluronium hexafluorophosphate (HATU) and

subsequent Boc detachment with trifluoroacetic éyield: 85% of theory over both stages).
HPLC (Method 6): R= 1.2 min;

LC-MS (Method 1): R= 0.52 min; MS (ESIpos): m/z = 219 (M+H)

| ntermediate 28

ethyl (1S,2R)-1-amino-2-phenylcyclopropanecarboxylate trifluacetate
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HoNo
CF,COOH x A o

The title compound was prepared by standard methogsesterifying commercially available
(1S2R)-1-[(tert-butoxycarbonyl)amino]-2-phenylcyclopropanecarbaxyacid with ethanol and

subsequent Boc detachment with trifluoroacetic.acid
LC-MS (Method 1): R= 0.50 min; MS (ESIpos): m/z = 206 (M+H)
Intermediate 29

4-(2,5-dioxo-2,5-dihydro-H#i-pyrrol-1-yl)-2,2-dimethylbutanoic acid

H,C CH, o)

To a solution of 1.39 g (8.95 mmol) of N-methoxywamylmaleimide in 44 ml of saturated sodium
hydrogencarbonate solution were added, at 0°Cg {8595 mmol) of 4-amino-2,2-dimethylbutyric
acid, and the mixture was stirred for 40 min. Sagbsatly, the cooling bath was removed and the
reaction mixture was stirred for a further 1 h. Whiooling with ice, the reaction mixture was
then adjusted to pH 3 by adding sulphuric acid, exislacted with ethyl acetate. The combined
organic phases were dried over magnesium sulphate@centrated. 1.17 g (79% purity, 49% of

theory) of the title compound were obtained.
LC-MS (Method 1): R= 0.64 min; m/z = 212 (M+H)
Intermediate 30

tert-butyl 2-[4-(2,5-dioxo-2,5-dihydroH-pyrrol-1-yl)-2,2-dimethylbutanoyl]hydrazinecarbdase
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T%(JQ

To a solution of 50 mg (237 pmol) of 4-(2,5-diox&2lihydro-H-pyrrol-1-yl)-2,2-
dimethylbutanoic acid in 2 ml of THF were added, G8C, first 26 pl (237 pumol) of 4-

HC

methylmorpholine and then 31 pl (237 umol) of isgbichloroformate. After removing the
cooling bath and stirring at RT for a further 15mm81.3 mg (237 pmol) of tert-butyloxycarbonyl
hydrazide were added. The reaction mixture wasestiovernight and then concentrated. The
residue was purified by preparative HPLC. 50.8 86824 of theory) of the title compound were
obtained.

LC-MS (Method 1): R=0.71 min; m/z = 324 (M-H)
Intermediate 31

4-(2,5-dioxo-2,5-dihydro-i-pyrrol-1-yl)-2,2-dimethylbutanehydrazide triflu@cetate

O
i \
CF,COOH x HZN\N)g(\/N
Huc” “ch, 5
50 mg (154 mmol) of tert-butyl 2-[4-(2,5-dioxo-2,5-dihydroH-pyrrol-1-yl)-2,2-

dimethylbutanoyl]hydrazinecarboxylate were dissdlu@ 2 ml of dichloromethane, and 0.4 ml of
trifluoroacetic acid was added. The reaction mixtuvas stirred at RT for 30 min and then

concentrated. 55.2 mg (93% purity, 99% of theofythe title compound were obtained.

LC-MS (Method 1): R= 0.36 min; m/z = 226 (M+H)

Intermediate 32

adamantan-1-ylmethy-(tert-butoxycarbonyl)-L-phenylalaninate
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CH, HN
HC N, ©
H,C

To a solution of 500 mg (1.89 mmol) NfBoc-L-phenylalanine in 25 ml of dichloromethanerare
added, at RT, 1192 mg (6.2 mmol) of EDC, 578 ul (damol) of triethylamine, 345 mg (2.8
mmol) of DMAP and 345 mg (2.1 mmol) of 1l-adamantythanol. The reaction mixture was
stirred overnight, then diluted with 50 ml of diohbmethane, and was successively washed with
10% aqueous citric acid solution, water and satdrabdium chloride solution. The organic phase
was dried over magnesium sulphate, then concedtratel the residue was purified by preparative
HPLC. 769 mg (90% of theory) of the title compouwmere obtained.

LC-MS (Method 2): R= 1.84 min; m/z = 414 (M+H)
Intermediate 33

adamantan-1-ylmethyl-phenylalaninate hydrochloride

HCIx H,N
O

769 mg (1.86 mmol) of adamantan-1-ylmethyl tHBr{butoxycarbonyl)k-phenylalaninate
(Intermediate 13) were dissolved in 25 ml of a 4dlution of hydrogen chloride in dioxane and
stirred at RT for 1 h. Subsequently, the reactidktume was concentrated and the residue was

dried under reduced pressure. 619 mg (95% of thedpe title compound were obtained.

LC-MS (Method 1): R= 0.82 min; m/z = 314 (M+H)

Intermediate 34

N-(tert-butoxycarbonyl)-N-methyl-valyl-N-[(3R,4S59)-1-{(29-2-[(1R,2R)-3-{[(29-1-
(adamantan-1-ylmethoxy)-1-oxo-3-phenylpropan-2yifao}-1-methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]-N-methyl--valinamide
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CH,
H.C _CH H,C CH o)
CH, O° * oF * H
H N
e o~ N N N N : ©
H,C | : | Oo._ O

0 CH, O_ O CH,

CH s
H,C™ ~CH, CH,

>.....

3

<

To a solution of 20 mg (29 umol) df-(tert-butoxycarbonyl)N-methyl-L-valyl-N-[(3R,4S559)-1-
{(29-2-[(1R 2R)-2-carboxy-1-methoxypropyl]pyrrolidin-1-yl}-3-metixy-5-methyl-1-oxoheptan-
4-yl]-N-methyl-L-valinamide in 1 ml of DMF were added, RT, 15.3 pl (88 pumol) oN,N-
diisopropylethylamine, 6.7 mg (44 umol) of HOBt a®d mg (35 pmol) of EDC, and the mixture
was stirred for 30 min. Subsequently, 10.1 mg (82ol} of adamantan-1-ylL-phenylalaninate
hydrochloride were added. After stirring overnigtite reaction mixture was separated directly
into its components via preparative HPLC. 27.5 8% of theory) of the title compound were

obtained.
LC-MS (Method 1): R= 1.70 min; m/z = 980 (M+H)
Intermediate 35

N-methyl-L-valyl-N-[(3R,4S,59)-1-{(29-2-[(1R,2R)-3-{[(2 9-1-(adamantan-1-ylmethoxy)-1-0x0-3-
phenylpropan-2-yllamino}-1-methoxy-2-methyl-3-oxopyl]pyrrolidin-1-yl}-3-methoxy-5-

methyl-1-oxoheptan-4-yIN-methyl-L-valinamide trifluoroacetate

CH,
H.C CH H.C CH O
3 3 O 3 3 H\)L
H
N\)k N z O
HN s N H
| z O\CH O
CH, O _A_ CH, O_ O ,
* He DcH, ° CH,
x CF,COOH

275 mg (28 pmol) of N-(tert-butoxycarbonyl)N-methyl-L-valylN-[(3R,4S59)-1-{(29)-2-
[(1R,2R)-3-{[(2 9-1-(adamantan-1-yImethoxy)-1-oxo-3-phenylpropayl}amino}-1-methoxy-2-
methyl-3-oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-mbyl-1-oxoheptan-4-yIN-methyl-L-

valinamide were dissolved in 1.8 ml of dichloronsth, and 361 pl of TFA were added. The
reaction mixture was stirred for 30 min and thenasmtrated. The residue was taken up in water

and lyophilized. 22.7 mg (81% of theory) of théetitompound were obtained.
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LC-MS (Method 1): R= 1.14 min; m/z = 880 (M+H)
Intermediate 36

tert-butyl (29-1-(benzyloxy)-3-phenylpropan-2-yl carbamate

CH, HN
H,C
H,C

Under an argon atmosphere, 500 mg (1.99 mmoN-Bbc-L-phenylalaninol were dissolved in 5
ml of DMF and cooled to 0°C. Subsequently, 159 ;18 mmol) of a 60% suspension of sodium
hydride in paraffin oil were added. The reactioxtonie was stirred until the evolution of gas had
ended and then 260 pl (2.19 mmol) of benzyl bromides added. The cooling bath was removed
and the reaction mixture was stirred at RT for 2Thereafter, the reaction mixture was
concentrated, the residue was taken up in ice-watet the mixture was extracted with
dichloromethane. The organic phase was washed saitlrated sodium chloride solution, dried
over magnesium sulphate and concentrated. Theueesigs purified by means of preparative
HPLC. 226 mg (33% of theory) of the title compoumelre obtained.

LC-MS (Method 1): R= 1.28 min; m/z = 342 (M+H)
Intermediate 37

(29-1-(benzyloxy)-3-phenylpropan-2-amine hydrochlerid

0

2
x HCI

220 mg (644 umol) oftert-butyl (29-1-(benzyloxy)-3-phenylpropan-2-yl carbamate were
dissolved in 11 ml of a 4 N solution of hydrogerotide in dioxane and stirred at RT for 1 h.
Then the reaction mixture was concentrated andrébielue was dried under reduced pressure.
138 mg (77% of theory) of the title compound welbgamed.
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LC-MS (Method 1): R= 0.65 min; m/z = 242 (M+H)
Intermediate 38

N-(tert-butoxycarbonylN-methyl-L-valyl-N-[(3R,4S559)-1-{(29-2-[(1R,2R)-3-{[(2 9)-1-
(benzyloxy)-3-phenylpropan-2-ylJamino}-1-methoxyr2ethyl-3-oxopropyl]pyrrolidin-1-yl}-3-
methoxy-5-methyl-1-oxoheptan-4-yj-methyl-L-valinamide

Hfiml* Im rw%

To a solution of 20 mg (29 umol) &f-(tert-butoxycarbonyl)N-methyl-L-valyl-N-[(3R,4S,59)-1-
{(29-2-[(1R 2R)-2-carboxy-1-methoxypropyl]pyrrolidin-1-yl}-3-metixy-5-methyl-1-oxoheptan-
4-yl]-N-methyl-L-valinamide in 1 ml of DMF were added, RT, 15.3 pl (88 pumol) oN,N-

diisopropylethylamine, 6.7 mg (44 pumol) of HOBt a®d mg (35 pmol) of EDC, and the mixture
was stirred for 30 min. Subsequently, 7.8 mg (32 of (29)-1-(benzyloxy)-3-phenylpropan-2-

amine hydrochloride were added. After stirring owghnt, the reaction mixture was separated
directly into its components via preparative HPI26.mg (98% of theory) of the title compound

were obtained.
LC-MS (Method 1): Rt = 1.51 min; m/z = 909 (M+H)+.
| ntermediate 39

N-methyl-L-valyl-N-[(3R,4S,59)-1-{(29-2-[(1R,2R)-3-{[(2 9-1-(benzyloxy)-3-phenylpropan-2-
ylJamino}-1-methoxy-2-methyl-3-oxopropyl]pyrrolidit-yl}-3-methoxy-5-methyl-1-oxoheptan-4-

yl]-N-methyl-L-valinamide trifluoroacetate

3 3 3

x CF,COOH
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26 mg (29 pmol) oN-(tert-butoxycarbonyl)N-methyl-L-valyl-N-[(3R,4S559-1-{(29)-2-[(1R,2R)-
3-{[(29-1-(benzyloxy)-3-phenylpropan-2-yllJamino}-1-methef-methyl-3-oxopropyl]pyrrolidin-
1-yl}-3-methoxy-5-methyl-1-oxoheptan-4-ylj-methyl-L-valinamide were dissolved in 1.8 ml of
dichloromethane, and 370 pl of TFA were added. faetion mixture was stirred at RT for 30
min and then concentrated. The residue was takeém water and lyophilized. 26.4 mg (quant.) of

the title compound were obtained.
LC-MS (Method 1): R= 0.97 min; m/z = 809 (M+H)
Intermediate 40

N-methyl-L-valyl-N-[(3R,4S,5S)-1-{(2S)-2-[(1R,2R)-f}(1S,2R)-1-hydroxy-1-phenylpropan-2-
ylJamino}-1-methoxy-2-methyl-3-oxopropyl]pyrrolidit-yl}-3-methoxy-5-methyl-1-oxoheptan-4-

ST

3 3 3

yl]-N-methyl-L-valinamide

50 mg (70 pmol) of Intermediate 26 and 11 mg (7®@pmof (1S, 2R)-2-amino-1-phenylpropan-1-
ol in 10 ml of DMF were admixed with 42 mg (0.11 @linof O-(7-azabenzotriazol-1-yl)-
N,N,N',N'-tetramethyluronium hexafluorophosphatel &b pl ofN,N-diisopropylethylamine, and
the reaction mixture was stirred at RT for 5 mirhisTwas followed by concentration and
purification of the residue by means of preparatifeLC. After combining the corresponding
fractions, concentrating and drying under high waeu49 mg (81%) of the protected intermediate
were obtained. Subsequently, the Boc group wasctet by known conditions with
trifluoroacetic acid in dichloromethane. Concentratwas followed by the purification of the title

compound by preparative HPLC, and 26 mg (52%) ettitte compound were obtained.
HPLC (Method 12): R= 1.65 min;

LC-MS (Method 1): R= 0.77 min; MS (ESIpos): m/z = 718 (M+H)

Intermediate 41

3-{2-[2-(2-aminoethoxy)ethoxy]ethoxy}propanoic adiifluoroacetate
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(@)
(\ O/\)k ol
O

[O/\/NHZ

x CF,COOH

150 mg (541 pmol) oftert-butyl 3-{2-[2-(2-aminoethoxy)ethoxy]ethoxy}propaate were
dissolved in 3 ml of dichloromethane, 1.5 ml oflti@roacetic acid were added, and the reaction

mixture was stirred at RT for 1 h, then concenttate

181 mg (100% of theory) of the title compound welbéained.
MS (El): m/z 222 (M+H]

Intermediate 42

3-(2-{2-[2-(2,5-diox0-2,5-dihydro-#i-pyrrol-1-yl)ethoxy]ethoxy}ethoxy)propanoic acid
0
(\ O/\)k OH
e} @)

[0/\/'\'
o)

186 mg (555 pmol) of 3-{2-[2-(2-aminoethoxy)ethoatfjoxy}propanoic acid trifluoroacetate
were dissolved in 2.6 ml of saturated sodium hydnogrbonate solution and admixed at 0°C with
86 mg (555 pmol) of N-methoxycarbonylmaleimide. Treaction mixture was stirred at 0°C for
40 min and at RT for 1 h, then cooled again to ®&djusted to pH 3 with sulphuric acid and
extracted 3x with 25 ml of ethyl acetate. The camehiorganic phases were dried over magnesium

sulphate and concentrated.
126 mg (75% of theory) of the title compound weléained.

LC-MS (Method 1): R= 0.53 min; m/z = 302 (M+H)
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|ntermediate 43

tert-butyl 15-(2,5-dioxo-2,5-dihydroH-pyrrol-1-yl)-4-oxo-7,10,13-trioxa-2,3-diazapentada-1-

oate

CH,
. ch\»/CHg
/\)k N.__o
TN
o) O o)

(A

O

125 mg (417 pmol)  of 3-(2-{2-[2-(2,5-diox0-2,5-ditno-1H-pyrrol-1-yl)ethoxy]ethoxy}ethoxy)

propanoic acid were dissolved at 0°C in 2.1 ml bifFTand admixed with 46 pul (417 mmol) of 4-
methylmorpholine and 54.5 pl (417 umol) of isobuthloroformate. The ice bath was removed
and the reaction mixture was stirred at RT for 30.18ubsequently, at 0°C, 55 mg (417 pumol) of
tert-butyloxycarbonyl hydrazide were added. Thectiea mixture was warmed to RT overnight,

concentrated and purified by preparative HPLC.

60 mg (33% of theory) of the title compound wergagied.
LC-MS (Method 1): R= 0.66 min; m/z = 416 (M+H)
Intermediate 44

3-(2-{2-[2-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)ethoxy]ethoxy}ethoxy)propanehydrazide

trifluoroacetate

O
(\O/\)kN/NHz
H
O o

e

o}
x CF,COOH

60 mg (145 pmol) otert-butyl 15-(2,5-dioxo-2,5-dihydroH-pyrrol-1-yl)-4-ox0-7,10,13-trioxa-

2,3-diazapentadecan-1-oate were dissolved in 1 fnldiohloromethane, and 0.2 ml of
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trifluoroacetic acid was added. The reaction mitwvas stirred at RT for 30 min and then

concentrated.

62 mg (100% of theory) of the title compound webbéamed.
LC-MS (Method 1): R= 0.35 min; m/z = 316 (M+H)

Inter mediate 45

benzyl (152R)-1-amino-2-phenylcyclopropanecarboxylate trifluacetate

O
HzNz\o“‘Ko

CF,COOH x

The title compound was prepared by standard methmglesterifying commercially available
(1S2R)-1-[(tert-butoxycarbonyl)amino]-2-phenylcyclopropanecarbaxycid with benzyl alcohol

and subsequent Boc detachment with trifluoroacatid.
LC-MS (Method 1): R= 0.72 min; MS (ESIpos): m/z = 268 (M+H)
Intermediate 46

N-(tert-butoxycarbonyl)N-methyl-L-valylN-[(3R,4559)-1-{(29)-2-[(1R 2R)-3-{[(1 S)-1-carboxy-
2-phenylethyllamino}-1-methoxy-2-methyl-3-oxoprojpyrrolidin-1-yl}-3-methoxy-5-methyl-1-
oxoheptan-4-yl[N-methyl-L-valinamide

CH,
CH H,C CH O
3 03 3 H\)J\
H
N\)k N H OH
X N
| o. O
H, O CH, O__ O CH,
H,C CH, CH,

383 mg (0.743 mmol) oN-(tert-butoxycarbonyl)N-methyl-L-valyl-N-[(2R,3S,49-1-carboxy-2-
methoxy-4-methylhexan-3-yl+-methyl-L-valinamide (Intermediate 8) were combingidh 485
mg (0.743 mmol) of benzMi-{(2 R,3R)-3-methoxy-2-methyl-3-[(3)-pyrrolidin-2-yl]propanoyl}-L-

H.C
CH, O

o I

H,C !

3
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phenylalaninate trifluoroacetate (Intermediate ¥24 mg (1.114 mmol) oD-(7-azabenzotriazol-
1-yD)-N,N,N',N‘tetramethyluronium hexafluorophosphate and 388&f N,N-diisopropylethylamine

in 15 ml of DMF, and the mixture was stirred at RF 10 min. Subsequently, the solvent was
removed under reduced pressure. The remaining uesicas taken up in ethyl acetate and
extracted by shaking successively with 5% aquedui @cid solution and saturated sodium
hydrogencarbonate solution. The organic phase aa®ved and concentrated, and the residue
was purified by means of preparative HPLC. The pobdfractions were combined and
concentrated, and the residue was dried underdaighum. 335 mg (48% of theory) of the benzyl

ester intermediate were obtained as a foam.
LC-MS (Method 1): R= 1.49 min; MS (ESlpos): m/z = 922 (M+H)

100 mg (0.11 mmol) of this intermediate were talprin 15 ml of methanol and the benzyl ester
group was removed by hydrogenation under standgddobgen pressure with 10% palladium on
activated carbon as a catalyst. After stirring atf@r 1 h, the catalyst was filtered off and the
filtrate was concentrated under reduced pressuiter ophilization from dioxane, 85 mg (94%

of theory) of the title compound were obtained asléa.

HPLC (Method 12): R= 2.4 min;

LC-MS (Method 1): R= 1.24 min; MS (ESlpos): m/z = 832 (M+H)
Intermediate 47

N-benzyl-L-tryptophanamide trifluoroacetate

HN
H,N

CF,COOH x

Ir=

202 mg (0.5 mmol) of 2,5-dioxopyrrolidin-1-W-(tert-butoxycarbonyl)-L-tryptophanate and 45
mg (0.42 mmol) of benzylamine were dissolved inmnilGof DMF, and 110 pl (630 pmol) of, N-

diisopropylethylamine were added. The reaction unxtwas stirred at RT for 3 h. Subsequently,
the reaction mixture was concentrated under redpcedsure and the residue was purified by
flash chromatography on silica gel (eluent: 20@@® dichloromethane/methanol/17% agq.
ammonia). The corresponding fractions were combimed concentrated. The resulting residue

was digested with diethyl ether and then dried umigh vacuum. Subsequently, this residue was
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taken up in 10 ml of dichloromethane, and 3 ml olfiyadrous trifluoroacetic acid were added.
After stirring at RT for 45 minutes, the mixture sveoncentrated and the residue was purified by
preparative HPLC. After drying under high vacuurhy Ing (57% of theory over both stages) of

the title compound were obtained.

HPLC (Method 12): R= 1.6 min;

LC-MS (Method 1): R= 0.66 min; MS (ESIpos): m/z = 294 (M+H)
Intermediate 48

(1S 2R)-1-amino-2-phenylcyclopropanecarboxamide triflLaoretate

NH,

H,N \\‘\\KO
CF,COOH x A

50 mg (180 pmol) of commercially available S2R)-1-[(tert-butoxycarbonyl)amino]-2-
phenylcyclopropanecarboxylic acid were dissolvediml of DMF, 94 pl (541 pmol) ofN,N-
diisopropylethylamine, 31 mg (270 pumol) Nthydroxysuccinimide and 41.5 mg (216 pmol) of
EDC were added, and then the mixture was stirré&tiTabvernight. The reaction mixture was then
concentrated, the residue was taken up in dioxaffe,mg (901 pmol) of ammonium
hydrogencarbonate were added, and the reactiomureixtas then left to stand at RT for 3 days.
The reaction mixture was then diluted with a 1:ktomie of ethyl acetate and water. The organic
phase was removed, dried over magnesium sulphate@rcentrated. The resulting residue was
subsequently taken up in 3 ml of dichloromethand, Zaml of anhydrous trifluoroacetic acid were
added. Stirring at RT for 1 h was followed by camtcation. The residue was stirred with pentane,
filtered off with suction and lyophilized from diare. In this way, 32 mg (62% of theory over

both stages) of the title compound were obtained.

HPLC (Method 6): R=0.38 min;

LC-MS (Method 1): R= 0.20 min; MS (ESlpos): m/z = 177 (M+H)
Intermediate 49

N°-{(2 R,3R)-3-methoxy-2-methyl-3-[(8)-pyrrolidin-2-yl]propanoyl}-L-tryptophanamide

trifluoroacetate
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CH, ! NH,
\ N
CF,COOHX N o)
o) o) 3
“CH, 7

The title compound was prepared in analogy to ymhesis of Intermediate 13 from Starting

Compound 1 and L-tryptophanamide hydrochloride.

HPLC (Method 5): R= 1.4 min;

LC-MS (Method 1): R= 0.92 min; MS (ESIpos): m/z = 473 (M+H)
I nter mediate 50

4-nitrophenyl 2-(2,5-dioxo-2,5-dihydra-tpyrrol-1-yl)ethyl carbamate

O
P
N—q

813 mg (3.1 mmol) of triphenylphosphine were digsdlin 25 ml of THF and cooled to -70°C
under argon. After dropwise addition of 627 mg (thol) of diisopropyl azodicarboxylate, the
mixture was stirred for 5 min. Subsequently, 500 (8dL. mmol) of tert-butyl 2-aminoethyl
carbamate dissolved in 5 ml of THF were added diegwand the reaction mixture was stirred at -
70°C for a further 5 min. Then 136.6 mg (1.55 mnadl?,2-dimethyl-1-propanol dissolved in 1 ml
of THF and 301 mg (3.1 mmol) of maleimide were abjdée reaction mixture was stirred at -
70°C for a further 10 min and then the mixture waamed to RT. After stirring at RT for a
further 16 h, the solvent was removed under redysredsure and the residue was purified by

means of preparative HPLC. This gave 463 mg (62%)eoprotected intermediate.

After removing the Boc protecting group under staddconditions, 652 mg of 1-(2-aminoethyl)-

1H-pyrrole-2,5-dione were obtained as the trifluoegate.
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112.9 mg (543 umol) of nitrophenyl chloroformatergvalissolved in 30 ml of THF and, after
addition of 100 mg (271.6 umol) of 1-(2-aminoethif-pyrrole-2,5-dione trifluoroacetate, the
mixture was stirred at RT for 30 min. The mixturasafiltered and the filtrate was concentrated to
dryness and then slurried with diethyl ether. Afitration with suction and drying, 60 mg (95%

of theory) of the title compound were obtained.

HPLC (Method 5): Rt = 0.65 min;

LC-MS (Method 1): Rt = 0.74 min; MS (ESlpos): m/886 (M+H)+.
Intermediate 51

(19-2-phenyl-1-(5-phenyl-1,3,4-oxadiazol-2-yl)ethanaentrifluoroacetate

: o)
CF,COOH x '
N—p

iz
I

200 mg (0.75 mmol) oN-(tert-butoxycarbonyl)-L-phenylalanine were initially ¢igad at 0°C in
5.5 ml of dichloromethane, and 128 mg (0.79 mmbl),&'-carbonyldiimidazole were added. After
30 min, 103 mg (0.75 mmol) of benzoyl hydrazide evadded. After a further 45 min at 0°C, 500
mg (1.5 mmol) of carbon tetrabromide and 395 m§ (dmol) of triphenylphosphine were finally
added. The reaction mixture was stirred first & @3r 2 h and then at RT overnight. The mixture
was subsequently concentrated on a rotary evaporatal the residue was dried under high
vacuum. The crude product thus obtained was pdrifig means of preparative HPLC. 217 mg
(78% of theory) of the Boc-protected intermediget-butyl (19-2-phenyl-1-(5-phenyl-1,3,4-

oxadiazol-2-yl)ethyl carbamate were obtained.
LC-MS (Method 12): R= 1.15 min; MS (ESIpos): m/z = 366 (M+H)

217 mg (0.59 mmol) of this intermediate were takgnin 3 ml of dichloromethane, 0.6 ml of
trifluoroacetic acid were added, and the mixtures wtrred at RT for 30 min. Subsequently, the
reaction mixture was concentrated under reduceskpre. The remaining residue was the reaction
mixture dried further under reduced pressure apd thophilized from dioxane. In this way, 214
mg (90% of theory) of the title compound were ohxgi.

LC-MS (Method 11): R= 0.62 min; MS (ESIpos): m/z = 266 (M+H)
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|ntermediate 52

(1R-2-phenyl-1-(5-phenyl-1,3,4-oxadiazol-2-yl)ethanaentrifluoroacetate

(@)
|y
CF,COOH x N—p

200 mg (0.75 mmol) oN-(tert-butoxycarbonyl)-D-phenylalanine were initially cgad at 0°C in
5.5 ml of dichloromethane, and 128.3 mg (0.79 mnodl}L,1'-carbonyldiimidazole were added.
After 30 min, 103 mg (0.75 mmol) of benzoyl hyddeziwere added. After a further 45 min at 0°C,
500 mg (1.5 mmol) of carbon tetrabromide and 395(in§ mmol) of triphenylphosphine were
finally added. The reaction mixture was stirredtfiat 0°C for 2 h and then at RT overnight. The
mixture was subsequently concentrated on a roteapaator, and the residue was dried under
high vacuum. The crude product thus obtained wasigual by means of preparative HPLC. 219
mg (80% of theory) of the Boc-protected intermealtatt-butyl (1R)-2-phenyl-1-(5-phenyl-1,3,4-

oxadiazol-2-yl)ethyl carbamate were obtained.
LC-MS (Method 2): R= 1.36 min; MS (ESIpos): m/z = 366 (M+H)

219 mg (0.6 mmol) of this intermediate were takgnim 3 ml of dichloromethane, 0.6 ml of
trifluoroacetic acid were added, and the mixtures wtrred at RT for 30 min. Subsequently, the
reaction mixture was concentrated under reduceskpre. The remaining residue was the reaction
mixture dried further under reduced pressure aed thophilized from dioxane. In this way, 196

mg (86% of theory) of the title compound were ofal as a solid.
HPLC (Method 10): R=2.41 min
Intermediate 53
(29-1-(benzylsulphonyl)-3-phenylpropan-2-amine

@]

\\

NH, O

200 mg (1.13 mmol) of @-4-benzyl-1,3-oxazolidin-2-one were initially clgad in 3 ml oftert-

butanol, and 280 mg (2.26 mmol) of benzyl mercaptare added. The mixture was subsequently



10

15

20

25

WO 2013/087716 -198 - PCT/EP2012/075277

heated under reflux for 2 days. Thereafter, theti@a mixture was concentrated on a rotary
evaporator and the resultingS21-(benzylsulphanyl)-3-phenylpropan-2-amine intediate was

converted further directly, without workup.
HPLC (Method 10): R=2.63 min
LC-MS (Method 1): R= 0.67 min; MS (ESIpos): m/z = 258 (M+H)

The crude intermediate obtained above was dissadlveal solution of 2 ml of 30% hydrogen
peroxide and 5 ml of formic acid, and the mixturasvstirred at RT for 12 h. Then the reaction
mixture was added to saturated sodium sulphatdisoland extracted three times with ethyl
acetate. The organic phase was dried over magnesilphate and concentrated under reduced
pressure. The crude product obtained was purifiethéans of preparative HPLC. 343 mg (61%

of theory) of the title compound were thus obtained

HPLC (Method 10): R=2.40 min;

LC-MS (Method 12): R= 0.65 min; MS (ESIpos): m/z = 290 (M+H)
Intermediate 54

(2S,38-1,4-diphenylbut-3-en-2-amine

552.7 mg (9.85 mmol) of potassium hydroxide wessdlved in methanol, adsorbed onto 1.1 g of
neutral aluminium oxide and then dried under highuum. To a solution of 240 mg (0.82 mmol)
of (29-1-(benzylsulphonyl)-3-phenylpropan-2-amine anfi6lg of the potassium hydroxide on
aluminium oxide thus prepared in 6.2 mimbutanol were added dropwise, at 5-10°C, 307 |8 (3.
mmol) of dibromodifluoromethane. The reaction migtwas stirred at RT for 2 h, then filtered
through Celite, and the residue was washed thotpugith dichloromethane. The filtrate was
concentrated and the resulting residue was drieli@rureduced pressure. The crude product thus
obtained was purified by means of preparative HPB8.mg (35% of theory) of the title

compound were obtained with 8Z diastereomer ratio of 4:1.
HPLC (Method 10): R=2.46 min;

LC-MS (Method 12): R= 0.75 min; MS (ESIpos): m/z = 224 (M+H)
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The E/Z diastereomer mixture obtained above was dissatv@dml of ethanol and 0.2 ml &f,N-
diisopropylethylamine, and separated by means ofLCGHPn chiral phase [column: Daicel
Chiralpak AD-H, 5 pum 250 mm x 20 mm, eluent: heXgetbanol + 0.2% diethylamine) 50:50 v/v;
UV detection: 220 nm; temperature: 30°C]. The appate fractions were concentrated on a
rotary evaporator, and the residue was dried uretirced pressure. 45 mg of the title compound

were obtained.

'H NMR (400 MHz, DMSO-¢) & [ppm] = 2.62 - 2.83 (m, 2 H) 3.52 - 3.71 (m, 164)8 - 6.30 (m,
1 H)6.34-6.46 (m, 1 H) 6.98 - 7.57 (m, 10 H)rfher signals hidden under solvent peaks].

| ntermediate 55

N-methylL-valyl-N-[(3R4S5S)-3-methoxy-1-{(H)-2-[(1R,2R)-1-methoxy-2-methyl-3-0x0-3-
{[(1 9-2-phenyl-1-(5-phenyl-1,3,4-oxadiazol-2-yl)ethyfjmo}propyl]pyrrolidin-1-yl}-5-methyl-1-

oxoheptan-4-yl]-N-methyl--valinamide trifluoroacetate

/ x CF,COOH

20 mg (29 pmol) oN-(tert-butoxycarbonyl)N-methyl-L-valylN-[(3R,4S59)-1-{(29)-2-[(1R,2R)-
2-carboxy-1-methoxypropyl]pyrrolidin-1-yl}-3-methgs-methyl-1-oxoheptan-4-yiN-methyl-L -
valinamide were dissolved in 1 ml of DMF, 13.3 3§ (xmol) of HATU and 15.3 ul (88 pmol) of
N,N-diisopropylethylamine were added, and the mixtwvas stirred at RT for 30 min.
Subsequently, 12.2 mg (32 pumol) ofS(2-phenyl-1-(5-phenyl-1,3,4-oxadiazol-2-yl)etharnae
trifluoroacetate were added. The reaction mixtues wtirred at RT overnight and then separated
by preparative HPLC. This gave 22 mg (81% of thgafyN-(tert-butoxycarbonyl)N-methyl-L-
valyl-N-[(3R,4S,59)-3-methoxy-1-{(5)-2-[(1R,2R)-1-methoxy-2-methyl-3-0x0-3-{[($)-2-phenyI-
1-(5-phenyl-1,3,4-oxadiazol-2-yl)ethyllJamino}propgyrrolidin-1-yl}-5-methyl-1-oxoheptan-4-
yl]-N-methyl-L-valinamide.

LC-MS (Method 12): R= 1.45 min; MS (ESlpos): m/z = 933 (M+H)
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By subsequently detaching the BOC protecting gnwitp trifluoroacetic acid, 22.4 mg (98% of

theory) of the title compound were then obtained.
LC-MS (Method 11): R= 0.85 min; MS (ESlpos): m/z = 833 (M+H)
Inter mediate 56

N-methyl-L-valyl-N-[(3R A4S 59)-3-methoxy-1-{(Z5)-2-[(1R 2R)-1-methoxy-2-methyl-3-0x0-3-
{[(1 R)-2-phenyl-1-(5-phenyl-1,3,4-oxadiazol-2-yl)ethyfjamo}propyl]pyrrolidin-1-yl}-5-methyl-

1-oxoheptan-4-yIN-methyl-L-valinamide trifluoroacetate

N-(tert-Butoxycarbonyl)N-methyl-L-valyl-N-[(3R 4S 55)-3-methoxy-1-{(Z)-2-[(1R 2R)-1-
methoxy-2-methyl-3-0xo-3-{[(R)-2-phenyl-1-(5-phenyl-1,3,4-oxadiazol-2-
yhethyllamino}propyl]pyrrolidin-1-yl}-5-methyl-1-xoheptan-4-yl[N-methyl-L-valinamide  was
prepared in analogy to the synthesis of Intermeds&t by reaction of 20 mg (29 pmol)Mtert-
butoxycarbonyl)N-methyl-L-valyl-N-[(3R4S59)-1-{(29-2-[(1R 2R)-2-carboxy-1-
methoxypropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-tixoheptan-4-yl[N-methyl-L-valinamide
with 122 mg (32 wumol) of @&-2-phenyl-1-(5-phenyl-1,3,4-oxadiazol-2-yl)ethanaen

trifluoroacetate.

Yield: 17 mg (64% of theory)

HPLC (Method 10): R= 3.74 min;

LC-MS (Method 1): R= 1.45 min; MS (ESIpos): m/z = 933 (M+H)

By subsequently detaching the BOC protecting gnwitp trifluoroacetic acid, 17.1 mg (99% of

theory) of the title compound were then obtained.
HPLC (Method 10): R= 2.55 min;

LC-MS (Method 11): R= 0.85 min; MS (ESIpos): m/z = 833 (M+H)
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|ntermediate 57

N-methylL-valyl-N-[(BRA4S59)-1-{(2S)2-[(1R 2R)-3-{[(2 9-1-(benzylsulphonyl)-3-phenylpropan-
2-ylJamino}-1-methoxy-2-methyl-3-oxopropyl]pyrrolid-1-yl}-3-methoxy-5-methyl-1-oxoheptan-

4-yl]-N-methylL-valinamide trifluoroacetate

3
H,C CH, OH3C CH
j%}/“\)k N x CF,COOH
<" N
HT:H o) /‘\ &H o. O O
* HCT TCH, ° T cH,

N-(tert-Butoxycarbonyl)N-methyl-L-valyl-N-[(3R 4S 59)-1-{(29-2-[(1R 2R)-3-{[(2 9-1-
(benzylsulphonyl)-3-phenylpropan-2-ylJamino}-1-megy-2-methyl-3-oxopropyl]pyrrolidin-1-
yl}-3-methoxy-5-methyl-1-oxoheptan-4-yN-methyl-L-valinamide was prepared in analogy to the
synthesis of Intermediate 55, by reaction of 20(2&mol) ofN-(tert-butoxycarbonyl)N-methyl-
L-valyl-N-[(BRAS59)-1-{(29-2-[(1R 2R)-2-carboxy-1-methoxypropyl]pyrrolidin-1-yl}-3-
methoxy-5-methyl-1-oxoheptan-4-y-methyl-L-valinamide with 9.3 mg (20 pmol) of $21-
(benzylsulphonyl)-3-phenylpropan-2-amine.

Yield: 19.2 mg (68 % of theory)
HPLC (Method 10): R= 3.5 min;
LC-MS (Method 12): R= 1.41 min; MS (ESIpos): m/z = 957 (M+H)

By subsequently detaching the BOC protecting gnitp trifluoroacetic acid, 19.3 mg (99% of

theory) of the title compound were then obtained.
HPLC (Method 10): R= 2.52 min;

LC-MS (Method 1): R= 0.86 min; MS (ESIpos): m/z = 857 (M+H)
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| ntermediate 58

N-methyl-L-valylN-[(B3RA4S59)-1-{(29-2-[(1R,2R)-3-{[(2 S 3E)-1,4-diphenylbut-3-en-2-
ylJamino}-1-methoxy-2-methyl-3-oxopropyl]pyrrolidit-yl}-3-methoxy-5-methyl-1-oxoheptan-4-

yl]-N-methyl-L-valinamide trifluoroacetate

H,C.__-CH H,C CH
3 3 o) 3 3 H
H
N\)k N x CF,COOH
b ) :
~ey O
CH, O CH, O_ O CH, N
H,C”™ TCH, CH

PN
N-(tert-Butoxycarbonyl)N-methyl-L-valyl-N-[(3R 4S5S)-1-{(29-2-[(1R 2R)-3-{[(2 S3E)-1,4-
diphenylbut-3-en-2-yllJamino}-1-methoxy-2-methyl-Zapropyl]pyrrolidin-1-yl}-3-methoxy-5-

3 3

methyl-1-oxoheptan-4-yIN-methyl-L-valinamide was prepared in analogy to 8yathesis of
Intermediate 55, by reaction of 20 mg (29 pmiHtert-butoxycarbonyl)N-methyl-L-valyl-N-
[(3R,4S,581-{(29-2-[(1R,2R-2-carboxy-1-methoxypropyl]pyrrolidin-1-yl}-3-metixy-5-methyl-
1-oxoheptan-4-yIN-methyl-L-valinamide with 7.1 mg (32 pmol) of$3E)-1,4-diphenylbut-3-en-

2-amine.

Yield: 15.1 mg (58 % of theory)

HPLC (Method 10): R= 4.2 min;

LC-MS (Method 12): R= 1.51 min; MS (ESlpos): m/z = 891 (M+H)

By subsequently detaching the BOC protecting gnwitp trifluoroacetic acid, 15.7 mg (99% of

theory) of the title compound were then obtained.
HPLC (Method 10): R=2.62 min;

LC-MS (Method 12): R= 0.97 min; MS (ESIpos): m/z = 791 (M+H)



10

15

20

25

WO 2013/087716 - 203 - PCT/EP2012/075277

|ntermediate 61

N-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S,55)-3-methoxy-1-{(&)-2-[(1R,2R)-1-methoxy-2-
methyl-3-{[(1S2R)-1-(1,2-oxazinan-2-ylcarbonyl)-2-phenylcycloprojayhino}-3-
oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxoheptan-4HyN-methyl-L-valinamide

CH,
_O
H,C CH, H,C CH, N
0] H K
H X
HO N\)k N Yo
\H/\/\N . N
I I _0 o !
o CH, O CH, OL_ O H.C
H,C~ TCH, CH, C

50 mg (0.054 mmol) of N-methyl-L-valylN-[(3R,4S59)-3-methoxy-1-{(5)-2-[(1R,2R)-1-
methoxy-2-methyl-3-{[(5,2R)-1-(1,2-oxazinan-2-ylcarbonyl)-2-phenylcycloprojayhino}-3-

3

oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxoheptan-4HyN-methyl-L-valinamide trifluoroacetate
(Intermediate 16) were dissolved in 8 ml of dioxaraer, and 70 ml (0.108 mmol) of a 15%
solution of 4-oxobutanoic acid in water were adddte reaction mixture was subsequently stirred
at 100°C for 1 h. After cooling to RT, 3.7 mg (008 mol) of sodium cyanoborohydride were
added and the mixture was adjusted to a pH of aduing about 300 pul of 0.1 N hydrochloric
acid. The reaction mixture was then stirred at COf¢fr a further 2 h. After cooling, another 70 ml
(0.208 mmol) of the 15% 4-oxobutanoic acid solutieere added and the reaction mixture was
again stirred at 100°C for 1 h. Then a further g (0.059 mmol) of sodium cyanoborohydride
were added and about 300 pl of 0.1 N hydrochlorid avere subsequently used to adjust the pH
back to 3. The reaction mixture was then stirredl@®°C for another 2 h. In the event of
conversion still being incomplete, this proceduraswepeated for a third time. The reaction
mixture was finally concentrated and the residus warified by means of preparative HPLC. In
this way, 32 mg (65% of theory) of the title compduwere obtained in the form of a colourless

foam.
HPLC (Method 5): R=1.64 min;
LC-MS (Method 9): R= 4.76 min; MS (ESIpos): m/z = 899 (M+H)

'H NMR (500 MHz, DMSO-¢): & = 8.95 and 8.8 (2m, 1H), 8.88 and 8.65 (2s, 1H);771 (m,
5H), 5.0, 4.78, 4.65 and 4.55 (4m, 2H), 4.1-3.7 §ir), 3.32, 3.29, 3.20, 3.12, 3.1 and 3.0 (6s,
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9H), 2.75 (m, 2H), 2.63 (t, 1H), 2.4-2.2 (m, 4H)1A.2 (m, 12H), 1.2-0.8 (m, 16H), 0.75 (m, 3H)
[further signals hidden under,®8 and DMSO peaks].

Intermediate 62

N-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S,55)-3-methoxy-1-{(2)-2-[(1R,2R)-1-methoxy-2-
methyl-3-{[(29)-1-(1,2-0xazinan-2-yl)-1-ox0-3-phenylpropan-2-yijmo}-3-oxopropyl]pyrrolidin-
1-yl}-5-methyl-1-oxoheptan-4-yIN-methyl-L-valinamide

. %
R

The title compound was prepared in analogy to {meghesis of Intermediate 61, by reaction of
50 mg of N-methyl-L-valyl-N-[(3R,4S,55)-3-methoxy-1-{(Z5)-2-[(1R,2R)-1-methoxy-2-methyl-3-
{[(2 9-1-(1,2-oxazinan-2-yl)-1-ox0-3-phenylpropan-2-yijeo}-3-oxopropyl]pyrrolidin-1-yl}-5-

methyl-1-oxoheptan-4-yIN-methyl-L-valinamide trifluoroacetate (Intermediat&4) with 4-

oxobutanoic acid.

Yield: 34 mg (70% of theory)

HPLC (Method 5): R=1.64 min;

LC-MS (Method 9): R= 4.77 min; MS (ESIpos): m/z = 887 (M+H)
Intermediate 63

N-(4-carboxybenzyIN-methyl-L-valylN-[(3R,4S 59)-3-methoxy-1-{(Z)-2-[(1R,2R)-1-methoxy-2-
methyl-3-{[(1S2R)-1-(1,2-oxazinan-2-ylcarbonyl)-2-phenylcycloprojayhino}-3-
oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxoheptan-4HyN-methyl-L-valinamide
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0
H,C i€ N~
H X
N\)k N o
s N

| /O :

CH, O(_. O H,.C H
3(: CH, CH, @

The title compound was prepared in analogy to {mghesis of Intermediate 61, by reaction of
15 mg of N-methyl-L-valylN-[(3R,4S59)-3-methoxy-1-{(5)-2-[(1R,2R)-1-methoxy-2-methyl-3-
{[(1 S2R)-1-(1,2-oxazinan-2-ylcarbonyl)-2-phenylcycloprojayhino}-3-oxopropyl]pyrrolidin-1-

>.....

yl}-5-methyl-1-oxoheptan-4-yIN-methyl-L-valinamide trifluoroacetate (Intermedisk6) with 4-

formylbenzoic acid.

Yield: 7.5 mg (48% of theory)

HPLC (Method 5): R= 1.75 min;

LC-MS (Method 1): R= 0.97 min; MS (ESIpos): m/z = 947 (M+H)
Intermediate 64

N-(5-carboxypentylN-methyl-L-valylN-[(3R,4S 59)-3-methoxy-1-{(&)-2-[(1R,2R)-1-methoxy-2-
methyl-3-{[(1S 2R)-1-(1,2-oxazinan-2-ylcarbonyl)-2-phenylcycloprojayhino}-3-
oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxoheptan-4HyN-methyl-L-valinamide

e fw%%

3 3
10 mg (0.011 mmol) of N-methyl-L-valylN-[(3R,4S59-3-methoxy-1-{(5)-2-[(1R,2R)-1-
methoxy-2-methyl-3-{[(5,2R)-1-(1,2-oxazinan-2-ylcarbonyl)-2-phenylcycloprojayhino}-3-

oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxoheptan-4yN-methyl-L-valinamide trifluoroacetate
(Intermediate 16) were dissolved in 2 ml of dioxarager, and 2.8 mg (0.022 mmol) of 6-
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oxohexanoic acid were added. The reaction mixtuas subsequently stirred at 100°C for 1 h.
After cooling to RT, 0.75 mg (0.012 mmol) of sodiwyanoborohydride was added and the
mixture was adjusted to a pH of 3 by adding 0.1ydrbchloric acid. The reaction mixture was
then stirred at 100°C for a further hour. After lkog, another 2.8 mg (0.022 mmol) of 6-
oxohexanoic acid were added and the reaction neixtueis again stirred at 100°C for 1 h. A
further 0.75 mg (0.012 mmol) of sodium cyanoboraidelwas added and 0.1 N hydrochloric acid
was subsequently used to adjust the pH back tt&.réaction mixture was then stirred at 100°C
for another 1 h. This procedure was then repeated third time. The reaction mixture was finally
concentrated and the crude product was purifiechégins of preparative HPLC. This gave 6.4 mg

(64% of theory) of the title compound in the forfreccolourless foam.
HPLC (Method 5): R= 1.68 min;

LC-MS (Method 9): R= 4.86 min; MS (ESIpos): m/z = 927 (M+H)
Inter mediate 65

N-(2-aminoethyl)N-methyl-L-valyl-N-[(3R,4S,59)-3-methoxy-1-{(5)-2-[(1R,2R)-1-methoxy-2-
methyl-3-{[(29-1-(1,2-0xazinan-2-yl)-1-ox0-3-phenylpropan-2-yljmo}-3-oxopropyl]pyrrolidin-
1-yl}-5-methyl-1-oxoheptan-4-yIN-methyl-L-valinamide bistrifluoroacetate

x 2 CF;,COOH

The title compound was prepared by reaction of §8ahN-methyl-L-valyl-N-[(3R,4S,59)-3-
methoxy-1-{(2)-2-[(1R,2R)-1-methoxy-2-methyl-3-{[(&)-1-(1,2-oxazinan-2-yl)-1-0xo0-3-
phenylpropan-2-yllamino}-3-oxopropyl]pyrrolidin-1y5-methyl-1-oxoheptan-4-yIN-methyl-L-
valinamide trifluoroacetate (Intermediate 14) wight-butyl 2-oxoethyl carbamate and subsequent

detachment of the Boc protecting group with trifleecetic acid.
Yield: 49 mg (62% of theory over two stages)

HPLC (Method 5): R= 1.58 min;



10

15

20

WO 2013/087716 - 207 - PCT/EP2012/075277

LC-MS (Method 2): R= 1.05 min; MS (ESIpos): m/z = 844 (M+H)

'H NMR (600 MHz, DMSO-¢): & = 8.25 (m, 1H), 8.45 and 8.15 (2d, 1H), 7.65-7(85 3H),
7.23-7.1 (m, 5H), 5.12 and 4.95 (2m, 1H), 4.72 4r&? (2m, 1H), 4.6 and 4.52 (2t, 1H), 4.2-3.8
(m, 4H), 3.7 (d, 1H), 3.23, 3.20, 3.19, 3.18, 3@ 2.98 (6s, 9H), 3.0-2.7 (m, 6H), 2.4-1.2 (m,
15H), 1.05, 1.0, 0.88 and 0.82 (4d, 6H), 0.92 (kh),®.73 (m, 6H) [further signals hidden under
H,O peak].

| ntermediate 66

N-(3-aminopropyl)N-methyl-L-valylN-[(3R,4S,559)-3-methoxy-1-{(Z&)-2-[(1R,2R)-1-methoxy-2-
methyl-3-{[(1S2R)-1-(1,2-oxazinan-2-ylcarbonyl)-2-phenylcycloprojayhino}-3-
oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxoheptan-4HyN-methyl-L-valinamide

R fw%%

H,C H, 3

The title compound was prepared in analogy to thmhesis of Intermediate 65, by reaction of
25mg (0.027 mmol) of N-methyl-L-valylN-[(3R,4S59)-3-methoxy-1-{(&)-2-[(1R,2R)-1-
methoxy-2-methyl-3-{[(5,2R)-1-(1,2-oxazinan-2-ylcarbonyl)-2-phenylcycloprojayhino}-3-
oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxoheptan-4HyN-methyl-L-valinamide trifluoroacetate
(Intermediate 16) with benzyl 3-oxopropyl carbamarel subsequent hydrogenolytic detachment

of the Z protecting group (with 10% palladium oractoal as a catalyst, in ethanol as a solvent).
Yield: 11 mg (41% of theory over two stages)

HPLC (Method 5): R= 1.53 min;

LC-MS (Method 1): R= 0.72 min; MS (ESIpos): m/z = 870 (M+H)

Intermediate 67

N-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S5,59)-1-{(29)-2-[(1R,2R)-3-{[(2 H-1-(adamantan-
1-ylmethoxy)-1-oxo-3-phenylpropan-2-ylJamino}-1-rheky-2-methyl-3-oxopropyl]pyrrolidin-1-
yl}-3-methoxy-5-methyl-1-oxoheptan-4-yN-methyl-L-valinamide
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H3C C M
3
H,C CH3 CHS

d

26 mg (26 pmol) oN-methyl-L-valylN-[(3R,4S559)-1-{(29-2-[(1R,2R)-3-{[(2 §-1-(adamantan-1-
ylmethoxy)-1-oxo-3-phenylpropan-2-yllamino}-1-mettya2-methyl-3-oxopropyl]pyrrolidin-1-
yl}-3-methoxy-5-methyl-1-oxoheptan-4-yN-methyl-L-valinamide trifluoroacetate and 33.9 (il o
a 15% aqueous succinaldehydic acid solution (53 Iumere dissolved in 957 ul of a 1:1-
dioxane/water mixture and heated to 100°C for Bfter brief cooling, 1.81 mg (29 pmol) of
sodium cyanoborohydride were added. The reactiotung was adjusted to pH 3 by adding 0.1 N
hydrochloric acid and the mixture was heated to°COfor a further 2 h. After again adding the
same amounts of succinaldehydic acid solution,usodiyanoborohydride and hydrochloric acid,
the mixture was heated once again to 100°C for Zhe reaction mixture was then separated
directly into its components by means of prepaeatiPLC. 18.5 mg (73% of theory) of the title

compound were thus obtained.
LC-MS (Method 1): R= 1.17 min; m/z = 967 (M+H)
Inter mediate 68

N-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S,59)-1-{(29)-2-[(1R,2R)-3-{[(2 9-1-(benzyloxy)-
3-phenylpropan-2-yllamino}-1-methoxy-2-methyl-3-g@opyl]pyrrolidin-1-yl}-3-methoxy-5-
methyl-1-oxoheptan-4-yIN-methyl-L-valinamide

24 mg (26 pmol) oN-methyl-L-valylN-[(3R,4559)-1-{(29)-2-[(1R,2R)-3-{[(2 9-1-(benzyloxy)-3-
phenylpropan-2-yllamino}-1-methoxy-2-methyl-3-oxopyl]pyrrolidin-1-yl}-3-methoxy-5-
methyl-1-oxoheptan-4-yIN-methyl-L-valinamide trifluoroacetate and 33.7 |flab 15% aqueous
succinaldehydic acid solution (52 pmol) were digadlin 953 pl of a 1:1-dioxane/water mixture
and heated to 100°C for 1 h. After brief coolind3@ mg (29 umol) of sodium cyanoborohydride

were added. The reaction mixture was adjusted t@ jpM adding 0.1 N hydrochloric acid and the
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mixture was heated to 100°C for a further 2 h. Afggain adding the same amounts of
succinaldehydic acid solution, sodium cyanoboroltgdand hydrochloric acid, the mixture was
heated once again to 100°C for 2 h. The reactiaxtur@ was then separated directly into its
components by means of preparative HPLC. 15.2 rB&o(6f theory) of the title compound were

thus obtained.
LC-MS (Method 1): R= 1.01 min; m/z = 895 (M+H)
| ntermediate 69

N-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S5,59)-1-{(29)-2-[(1R,2R)-3-{[(2 S)-1-(benzyloxy)-
1-oxo-3-phenylpropan-2-yllamino}-1-methoxy-2-me#8/oxopropyl]pyrrolidin-1-yl}-3-methoxy-
5-methyl-1-oxoheptan-4-yIN-methyl-L-valinamide

53 mg (84 pmol) ofN-[(9H-fluoren-9-ylmethoxy)carbonylN-methyl-L-valyl-N-[(2R,3S,49)-1-
carboxy-2-methoxy-4-methylhexan-3-WHnethyl-L-valinamide (Intermediate 4) and 45 mg (84
pmol)  of  benzyl N-{(2R,3R)-3-methoxy-2-methyl-3-[(3)-pyrrolidin-2-yl]propanoyl}-L-
phenylalaninate trifluoroacetate (Intermediate W2ye taken up in 2 ml of DMF, 19 ul of N-
diisopropylethylamine, 14 mg (92 pumol) of HOBt atiddl6 mg (92 pumol) of EDC were added and
then the mixture was stirred at RT overnight. Sghsetly, the reaction mixture was concentrated
and the residue was purified by means of prepaaii?LC. This gave 59 mg (68% of theory) of
the Fmoc-protected intermediatéN-[(9H-fluoren-9-ylmethoxy)carbonylN-methyl-L-valyl-N-
[(BR4S59-1-{(29-2-[(1R,2R)-3-{[(2 9-1-(benzyloxy)-1-0x0-3-phenylpropan-2-yllamino}-1-
methoxy-2-methyl-3-oxopropyl]pyrrolidin-1-yl}-3-mbbxy-5-methyl-1-oxoheptan-4-y§-methyl-

L-valinamide.
LC-MS (Method 1): R= 1.55 min; m/z = 1044 (M+H)

57 mg (0.055 mmol) of this intermediate were trdatgth 1.2 ml of piperidine in 5 ml of DMF to
detach the Fmoc protecting group. After concerdraind purification by means of preparative
HPLC, 39 mg (76% of theory) of the free amine intediateN-methyl-L-valylN-[(3R,4S,59)-1-
{(29-2-[(1R 2R)-3-{[(2 9-1-(benzyloxy)-1-0x0-3-phenylpropan-2-yllamino}riethoxy-2-methyl-
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3-oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1s@heptan-4-yl]N-methyl-L-valinamide were
obtained as the trifluoroacetate.
HPLC (Method 5): R= 1.9 min;

LC-MS (Method 1): R= 1.01 min; m/z = 822 (M+H)

37 mg (0.045 mmol) of this intermediate were digsdlin 5 ml of dioxane/water and, analogously
to the preparation of the compound in Intermed@&ereacted with a 15% aqueous solution of 4-
oxobutanoic acid in the presence of sodium cyaraihairide. 16 mg (39% of theory) of the title

compound were obtained in the form of a colourfeasn.

HPLC (Method 6): R= 2.1 min;

LC-MS (Method 1): R= 1.01 min; MS (ESIpos): m/z = 908 (M+H)
Intermediate 70

N-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S,59)-1-{(29-2-[(1R,2R)-3{[(2 S, 39)-1-
(benzyloxy)-1-oxo-3-phenylbutan-2-yllJamino}-1-mettya2-methyl-3-oxopropyl]pyrrolidin-1-yl}-
3-methoxy-5-methyl-1-oxoheptan-4-y-methyl-L-valinamide

CH,
H,C._ _CH, Jie CH, 0
H Ny,
o N\)k N ’ o
Y\/\N . N
| 2 lu, oL 0O Oenl, o
OH H = 3 H,C
* He” cH, ° CH, 3

First, in analogy to the synthesis described ierimediate 14, proceeding from Intermediates 4
and 26, the amine compouritmethyl-L-valyl-N-[(3R,4S559)-1-{(29-2-[(1R,2R)-3-{[(2S39)-1-
(benzyloxy)-1-oxo-3-phenylbutan-2-ylJamino}-1-mettya2-methyl-3-oxopropyl]pyrrolidin-1-yl}-

3-methoxy-5-methyl-1-oxoheptan-4-\W-methyl-L-valinamide was prepared.

30 mg (0.032 mmol) of this compound were dissolwved ml of dioxane/water, and 41 pl (0.063
mmol) of a 15% aqueous solution of 4-oxobutanoid acere added. The reaction mixture was
subsequently stirred at 100°C for 1 h. After coglito RT, 2.2 mg (0.035 mmol) of sodium
cyanoborohydride were added and the mixture wassgelj to a pH of 3 by adding about 300 pl of
0.1 N hydrochloric acid. The reaction mixture whert stirred at 100°C for a further 2 h. After
cooling, another 41 pul (0.063 mmol) of the 15% #lmxtanoic acid solution were added and the

reaction mixture was again stirred at 100°C for Ttren a further 2.2 mg (0.035 mmol) of sodium
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cyanoborohydride were added and about 300 pl oNthgdrochloric acid were subsequently used
to adjust the pH back to 3. The reaction mixture wWeen stirred at 100°C for another 2 h. In the
event of conversion still being incomplete, thiogedure was repeated for a third time. The
reaction mixture was finally concentrated and tmede product was purified by means of
preparative HPLC. This gave 24 mg (82% of theoryXhe title compound in the form of a

colourless foam.

HPLC (Method 5): R= 1.9 min;

LC-MS (Method 9): R= 5.15 min; MS (ESIpos): m/z = 922 (M+H)
Intermediate 71

N-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S,55)-3-methoxy-1-{(Z)-2-[(1R,2R)-1-methoxy-3-
{[(2 9-1-methoxy-1-ox0-3-phenylpropan-2-ylJamino}-2-mgk3-oxopropyl]pyrrolidin-1-yl}-5-
methyl-1-oxoheptan-4-yIN-methyl-L-valinamide

>.....

First, in analogy to the synthesis described ierimediate 14, proceeding from Intermediates 4
and 39, the amine compouridmethyl-L-valylN-[(3R,4S,59)-3-methoxy-1-{(5)-2-[(1R,2R)-1-
methoxy-3-{[(29)-1-methoxy-1-0x0-3-phenylpropan-2-yllJamino}-2-mgk3-
oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxoheptan-4yN-methyl-L-valinamide was prepared. 7
mg (0.009 mmol) of this compound were then use@nalogy to the preparation of Intermediate
61, by reaction with 4-oxobutanoic acid in the preze of sodium cyanoborohydride, to obtain

2 mg (22% of theory) of the title compound in thenh of a colourless foam.
HPLC (Method 6): R= 1.9 min;

LC-MS (Method 2): R= 1.06 min; MS (ESIpos): m/z = 832 (M+H)
Intermediate 72

N-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S,59)-1-{(29)-2-[(1R,2R)-3-{[(2 9-1-(benzyloxy)-
3-(1H-indol-3-yl)-1-oxopropan-2-ylJamino}-1-methoxy-2-tigyl-3-oxopropyl]pyrrolidin-1-yl}-3-
methoxy-5-methyl-1-oxoheptan-4-y§-methyl-L-valinamide
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212 mg (411 pmol) ofN-(tert-butoxycarbonyl)N-methyl-L-valyl-N-[(2R,3S,4S)-1-carboxy-2-
methoxy-4-methylhexan-3-yljf-methyl-L-valinamide (Intermediate 8) and 237 mgi4.mol) of
benzylN-{(2R,3R)-3-methoxy-2-methyl-3-[(})-pyrrolidin-2-yl]propanoyl}-L-tryptophanate
trifluoroacetate (Intermediate 20) were taken uB0nml of DMF, and 188 mg (493 pmol) G
(7-azabenzotriazol-1-yI¥,N,N',Ntetramethyluronium hexafluorophosphate and 215 NJN-
diisopropylethylamine were added. The reaction omxtwas stirred at RT for 20 h, then
concentrated under reduced pressure, and the eesialsi purified by means of preparative HPLC.
The product fractions were combined and concertraded the residue was dried under high
vacuum. This gave 315 mg (80% of theory) of the -Baaected intermediateN-(tert-
butoxycarbonyl)N-methyl-L-valyl-N-[(3R,4559)-1-{(29-2-[(1R,2R)-3-{[(2 §-1-(benzyloxy)-3-
(1H-indol-3-yl)-1-oxopropan-2-ylJamino}-1-methoxy-2-rigyl-3-oxopropyl]pyrrolidin-1-yl}-3-

methoxy-5-methyl-1-oxoheptan-4-y-methyl-L-valinamide as a colourless foam.
LC-MS (Method 1): R= 1.45 min; m/z = 961 (M+H)

50 mg (52 umol) of this intermediate were treatéthv® ml of trifluoroacetic acid in 9 ml of
dichloromethane to detach the Boc protecting groidper concentration and purification by
means of preparative HPLC, 29 mg (57% of theorydhef free amine intermediatémethyl-L-
valyl-N-[(3R,4S5,59)-1-{(29-2-[(1R,2R)-3-{[(2 §)-1-(benzyloxy)-3-(H-indol-3-yl)-1-oxopropan-2-
ylJamino}-1-methoxy-2-methyl-3-oxopropyl]pyrrolidit-yl}-3-methoxy-5-methyl-1-oxoheptan-4-

yl]-N-methyl-L-valinamide were obtained as the trifluacetate.
LC-MS (Method 1): R= 0.99 min; m/z = 861 (M+H)

29 mg (0.03 mmol) of this intermediate were disedlin 6 ml of dioxane/water, and 39 ul (0.059
mmol) of a 15% aqueous solution of 4-oxobutanoid acere added. The reaction mixture was
subsequently stirred at 100°C for 1 h. After coglito RT, 2 mg (0.033 mmol) of sodium
cyanoborohydride were added and the mixture wassgelj to a pH of 3 by adding about 300 pl of
0.1 N hydrochloric acid. The reaction mixture whert stirred at 100°C for a further 2 h. After
cooling, another 39 pl (0.059 mmol) of the 15% #lmxtanoic acid solution were added and the

reaction mixture was again stirred at 100°C for. Tlmen a further 2 mg (0.033 mmol) of sodium
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cyanoborohydride were added and about 300 pl oNthgdrochloric acid were subsequently used
to adjust the pH back to 3. The mixture was thémest at 100°C for another 2 h. Thereafter, the
reaction mixture was poured onto a 1:1 mixture ehisaturated agqueous ammonium chloride
solution and ethyl acetate. The organic phase am@asved, washed with saturated sodium chloride
solution, dried over sodium sulphate and concegdiraThe residue was freeze-dried from water/
acetonitrile. This gave 27 mg (94% of theory) of title compound in the form of a colourless

foam.

HPLC (Method 5): R= 2.2 min;
LC-MS (Method 9): R= 5.04 min; MS (ESIpos): m/z = 947 (M+H)
Intermediate 73

N-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S,59)-1-{(29)-2-[(1R,2R)-3-({(29)-1-
[benzyl(methyl)amino]-1-oxo-3-phenylpropan-2-yl}ami)-1-methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yI}-3-methoxy-5-methyl-1-oxweptan-4-yl]N-methyl-L-valinamide

First, in analogy to the synthesis described ierinediate 14, proceeding from Intermediates 4
and 38, the amine compouni-methyl-L-valylN-[(3R,4S559)-1-{(29-2-[(1R,2R)-3-({(29)-1-
[benzyl(methyl)amino]-1-oxo-3-phenylpropan-2-yl}ami)-1-methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]N-methyl-L-valinamide ~ was
prepared. 25 mg (0.026 mmol) of this compound vieea used, in analogy to the preparation of
Intermediate 61, by reaction with 4-oxobutanoidanithe presence of sodium cyanoborohydride,

to obtain 13 mg (54% of theory) of the title compdun the form of a colourless foam.
HPLC (Method 12): R= 2.2 min;

LC-MS (Method 9): R= 5.01 min; MS (ESlpos): m/z = 921 (M+H)
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Intermediate 74

N-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S5,59)-1-{(29-2-[(1R,2R)-3-({(1S,2R)-1-
[(benzyloxy)carbonyl]-2-phenylcyclopropyllamino)+hethoxy-2-methyl-3-oxopropyl]pyrrolidin-
1-yl}-3-methoxy-5-methyl-1-oxoheptan-4-yl-methyl-L-valinamide

! iﬁwwﬁ

3
50 mg (73 pmol) oN-(tert-butoxycarbonyl)N-methyl-L-valylN-[(3R,4559)-1-{(29)-2-[(1R,2R)-
2-carboxy-1-methoxypropyl]pyrrolidin-1-yl}-3-methgé-methyl-1-oxoheptan-4-ylN-methyl-L-

valinamide (Intermediate 26) and 28 mg (73 pmol) bénzyl (52R)-1-amino-2-
phenylcyclopropanecarboxylate trifluoroacetategiimediate 45) were taken up in 5 ml of DMF,
and 42mg (110 pupmol) of O-(7-azabenzotriazol-1-yl{,N,N',N‘tetramethyluronium
hexafluorophosphate and 38 pl MfN-diisopropylethylamine were added. The reactiontumix
was stirred at RT for 5 h, then concentrated umelduced pressure, and the residue was purified
by means of preparative HPLC. The product fractisese combined and concentrated. After
lyophilization from dioxane/water, 35 mg (51% okthy) of the Boc-protected intermedidte
(tert-butoxycarbonyl)N-methyl-L-valyl-N-[(3R,4S,59)-1-{(29-2-[(1R,2R)-3-({(1 S 2R)-1-
[(benzyloxy)carbonyl]-2-phenylcyclopropyl}amino)+hethoxy-2-methyl-3-oxopropyl]pyrrolidin-
1-yl}-3-methoxy-5-methyl-1-oxoheptan-4-yl-methyl-L-valinamide were obtained as a

colourless foam.
LC-MS (Method 1): R= 1.52 min; m/z = 934 (M+H)

35 mg of this intermediate were treated with 1 nifl tofluoroacetic acid in 5 ml of
dichloromethane to detach the Boc protecting gréidger concentration and lyophilization from
dioxane/water, 34 mg (97% of theory) of the freeiremintermediateN-methyl-L-valylN-
[(BR,4S59-1-{(29)-2-[(1R,2R)-3-({(1S 2R)-1-[(benzyloxy)carbonyl]-2-
phenylcyclopropyl}amino)-1-methoxy-2-methyl-3-oxapyl]pyrrolidin-1-yl}-3-methoxy-5-

methyl-1-oxoheptan-4-yIN-methyl-L-valinamide were obtained as the trifluacetate.

LC-MS (Method 1): R= 0.91 min; m/z = 834 (M+H)
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11 mg (0.011 mmol) of this intermediate were thesed) in analogy to the preparation of
Intermediate 66, by reaction with 4-oxobutanoidanithe presence of sodium cyanoborohydride,

to obtain 2.5 mg (24% of theory) of the title corapd in the form of a colourless foam.
HPLC (Method 12): R= 2.2 min;

LC-MS (Method 9): R= 5.1 min; MS (ESIpos): m/z = 920 (M+H)

Intermediate 75

N-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S,559)-3-methoxy-1-{(2)-2-[(1R,2R)-1-methoxy-2-
methyl-3-oxo0-3-{[(1S,2R)-2-phenyl-1-(propylcarbamoyl)cyclopropyllamino}gg]pyrrolidin-1-
yl}-5-methyl-1-oxoheptan-4-yIN-methyl-L-valinamide

First, in analogy to the synthesis described irerimediate 74, by coupling oN-(tert-
butoxycarbonyl)N-methyl-L-valyl-N-[(3R,4S559)-1-{(29-2-[(1R,2R)-2-carboxy-1-
methoxypropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-txoheptan-4-yl[N-methyl-L-valinamide
(Intermediate 26) and E2R)-1-amino-2-phenyN-propylcyclopropanecarboxamide
trifluoroacetate (Intermediate 27) in the presermfe O-(7-azabenzotriazol-1-yIN,N,N',N*
tetramethyluronium hexafluorophosphate and subsegietachment of the Boc protecting group
by means of trifluoroacetic acid, the amine compbhNfmethyl-L-valyl-N-[(3R,4S,55)-3-methoxy-
1-{(29-2-[(1R,2R)-1-methoxy-2-methyl-3-0x0-3-{[($ 2R)-2-phenyl-1-
(propylcarbamoyl)cyclopropyl]lamino}propyl]pyrrolidi1-yl}-5-methyl-1-oxoheptan-4-yIN-
methyl-L-valinamide was prepared as the trifluoegate. 14 mg (0.016 mmol) of this compound
were then used, in analogy to the preparation tefrimediate 61, by reaction with 4-oxobutanoic
acid in the presence of sodium cyanoborohydridebimin 11.3 mg (83% of theory) of the title

compound.
HPLC (Method 6): R= 1.9 min;

LC-MS (Method 2): R= 1.27 min; MS (ESIpos): m/z = 871 (M+H)
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Intermediate 76

N-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S5,59)-1-{(29-2-[(1R,2R)-3-{[(1 S 2R)-1-
(ethoxycarbonyl)-2-phenylcyclopropyllamino}-1-mettye2-methyl-3-oxopropyl]pyrrolidin-1-yl}-
3-methoxy-5-methyl-1-oxoheptan-4-y-methyl-L-valinamide

o %@Wxg ’

First, by coupling of Intermediate 46l{tert-butoxycarbonyl)N-methyl-L-valyl-N-[(3R,4S59)-1-

{(29-2-[(1R 2R)-2-carboxy-1-methoxypropyl]pyrrolidin-1-yl}-3-metixy-5-methyl-1-oxoheptan-
4-yl]-N-methyl-L-valinamide) with Intermediate 48 (ethyl 192R)-1-amino-2-

phenylcyclopropanecarboxylate trifluoroacetate)tle presence of O-(7-azabenzotriazol-1-yl)-

N,N,N',N-tetramethyluronium hexafluorophosphate and subm@gBoc detachment, the starting
compoundN-methyl-L-valyl-N-[(3R,4S559)-1-{(29)-2-[(1R,2R)-3-{[(1 S 2R)-1-(ethoxycarbonyl)-2-
phenylcyclopropyllamino}-1-methoxy-2-methyl-3-oxamyl]pyrrolidin-1-yl}-3-methoxy-5-

methyl-1-oxoheptan-4-yIN-methyl-L-valinamide trifluoroacetate was preparé® mg (0.079

mmol) of this starting material were then usedrdgction with 4-oxobutanoic acid, in analogy to

Intermediate 61, to obtain 46 mg (68% of theoryhaf titte compound.
HPLC (Method 6): R= 1.9 min;

LC-MS (Method 2): R= 1.28 min; MS (ESIpos): m/z = 858 (M+H)

Intermediate 77

N-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S5,59)-1-{(29)-2-[(1R,2R)-3-{[(2 $-1-amino-1-0x0-
3-phenylpropan-2-yllamino}-1-methoxy-2-methyl-3-gopyl]pyrrolidin-1-yl}-3-methoxy-5-
methyl-1-oxoheptan-4-yIN-methyl-L-valinamide
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3 3 3

First, in analogy to the synthesis described inerinediate 75, by coupling oN-(tert-
butoxycarbonyl)N-methyl-L-valyl-N-[(3R,4559)-1-{(29-2-[(1R,2R)-2-carboxy-1-
methoxypropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-tixoheptan-4-yl[N-methyl-L-valinamide
(Intermediate 26) and L-phenylalaninamide hydrodbiin the presence of O-(7-azabenzotriazol-
1-y1)-N,N,N',N-tetramethyluronium hexafluorophosphate and subeggdetachment of the Boc
protecting group by means of trifluoroacetic acide amine compoundi-methyl-L-valyl-N-
[(BR,4S59-1-{(29)-2-[(1R,2R)-3-{[(2 9-1-amino-1-0x0-3-phenylpropan-2-yllamino}-1-metlyox
2-methyl-3-oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-gthyl-1-oxoheptan-4-yIN-methyl-L-
valinamide was prepared as the trifluoroacetatendgq0.049 mmol) of this compound were then
used, in analogy to the preparation of Intermedédteby reaction with 4-oxobutanoic acid in the

presence of sodium cyanoborohydride, to obtain §496% of theory) of the title compound.
HPLC (Method 6): R= 1.7 min;
LC-MS (Method 9): R= 4.44 min; MS (ESIpos): m/z = 817 (M+H)

'H NMR (500 MHz, DMSO-g): = 8.95 and 8.8 (2m, 1H), 8.25 and 8.0 (2d, 1H)577.35 and
7.0 (3s, broad, 2H), 7.3-7.1 (m, 5H), 4.8-4.4 (&M), 3.95 (m, 1H), 3.82 (m, 1H), 3.72 (d, 1H),
3.22, 3.18, 3.15, 3.05 and 3.00 (5s, 9H), 2.8542,74H), 2.45-1.6 (m, 12H), 1.5-1.2 (m, 3H), 1.1-
0.7 (m, 21H) [further signals hidden under solveeks].

Intermediate 78

N-(6-aminohexyl)N-methyl-L-valylN-[(3R,4S,5S)-3-methoxy-1-{($)-2-[(1R,2R)-1-methoxy-2-
methyl-3-{[(29)-1-(1,2-0xazinan-2-yl)-1-ox0-3-phenylpropan-2-yijmo}-3-oxopropyl]pyrrolidin-
1-yl}-5-methyl-1-oxoheptan-4-yIN-methyl-L-valinamide
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This compound was prepared in analogy to Interntedié over 2 stages, proceeding from 20 mg

N
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(16 pmol) of the compound from Intermediate 14 dmthzyl 6-oxohexyl carbamate, and the

hydrogenation was performed in methanol as theestblv

Yield: 7.6 mg (55% of theory over 2 stages)

HPLC (Method 6): R= 1.8 min;

LC-MS (Method 1): R= 0.7 min; MS (ESIpos): m/z = 901 (M+H)
Intermediate 79

N-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S5,59)-1-{(29)-2-[(1R,2R)-3-{[(2 H-1-
(benzylamino)-1-oxo-3-phenylpropan-2-ylJamino}-1-tihexy-2-methyl-3-oxopropyl]pyrrolidin-1-
yl}-3-methoxy-5-methyl-1-oxoheptan-4-yN-methyl-L-valinamide
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36 mg (43 pmol) oN-(tert-butoxycarbonyl)N-methyl-L-valylN-[(3R,4559)-1-{(29)-2-[(1R,2R)-
3-{[(19-1-carboxy-2-phenylethyl]amino}-1-methoxy-2-mett8Aoxopropyl]pyrrolidin-1-yl}-3-
methoxy-5-methyl-1-oxoheptan-4-y§-methyl-L-valinamide (Intermediate 46) and 4.6 n%g (
pmol) of benzylamine were taken up in 5 ml of DMF5 pl (88 pmol) of N,N-
diisopropylethylamine, 10 mg (65 pumol) of HOBt ah@l mg (52 umol) of EDC were added, and
then the mixture was stirred at RT overnight. Sghsetly, the reaction mixture was concentrated
and the residue was purified by means of prepaatiiPLC. 29 mg (73% of theory) of the Boc-
protected intermediate N-(tert-butoxycarbonyl)N-methyl-L-valyl-N-[(3R,4S,59-1-{(29)-2-
[(AR,2R)-3-{[(2 9-1-(benzylamino)-1-0x0-3-phenylpropan-2-yllaminbjmethoxy-2-methyl-3-
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oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]N-methyl-L-valinamide ~ were

obtained.
LC-MS (Method 1): R= 1.43 min; m/z = 921 (M+H)

29 mg of this intermediate were treated with 1 nfil tofluoroacetic acid in 6 ml of
dichloromethane to detach the Boc protecting grédter concentration and lyophilization from
dioxane/water, 30 mg (quant.) of the free aminerimediateN-methyl-L-valyl-N-[(3R,4S,59)-1-
{(29-2-[(1R 2R)-3-{[(2 9-1-(benzylamino)-1-oxo-3-phenylpropan-2-yllaminbjmethoxy-2-
methyl-3-oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-mbyl-1-oxoheptan-4-yIN-methyl-L-

valinamide were obtained as the trifluoroacetate.
LC-MS (Method 1): R= 0.95 min; m/z = 821 (M+H)

17 mg (0.018 mmol) of this intermediate were thexed) in analogy to the preparation of
Intermediate 61, by reaction with 4-oxobutanoiaanithe presence of sodium cyanoborohydride,

to obtain 13 mg (80% of theory) of the title compdiin the form of a colourless foam.
HPLC (Method 5): R= 1.7 min;

LC-MS (Method 9): R= 4.97 min; MS (ESIpos): m/z = 907 (M+H)

Intermediate 80

N-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S5,59)-1-{(29)-2-[(1R,2R)-3-{[(2 H-1-
(benzylamino)-3-(H-indol-3-yl)-1-oxopropan-2-ylJamino}-1-methoxy-2-riey/l-3-
oxopropyl]pyrrolidin-1-yI}-3-methoxy-5-methyl-1-oxweptan-4-yl]N-methyl-L-valinamide

o &kfﬂow

First, in analogy to the synthesis described irerimediate 74, by coupling oN-(tert-
butoxycarbonyl)N-methyl-L-valyl-N-[(3R,45,59)-1-{(29-2-[(1R,2R)-2-carboxy-1-
methoxypropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-tixoheptan-4-yl[N-methyl-L-valinamide

IZ

(Intermediate 26) andN-benzyl-L-tryptophanamide trifluoroacetate (Intediae 47) in the

presence ofO-(7-azabenzotriazol-1-yi¥,N,N',N-tetramethyluronium hexafluorophosphate and
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subsequent detachment of the Boc protecting grquméeans of trifluoroacetic acid, the amine
compound N-methyl-L-valylN-[(3R,4S559)-1-{(29-2-[(1R,2R)-3-{[(2 9-1-(benzylamino)-3-(H-
indol-3-yl)-1-oxopropan-2-yllamino}-1-methoxy-2-ntetl-3-oxopropyl]pyrrolidin-1-yl}-3-
methoxy-5-methyl-1-oxoheptan-4-yj-methyl-L-valinamide was prepared as the trifluaetate.
10 mg (0.01 mmol) of this compound were then usedpalogy to the preparation of Intermediate
61, by reaction with 4-oxobutanoic acid in the pre= of sodium cyanoborohydride, to obtain
2.5 mg (26% of theory) of the title compound.

HPLC (Method 5): R= 1.7 min;
LC-MS (Method 2): R= 1.13 min; MS (ESIpos): m/z = 946 (M+H)
Intermediate 81

N-(3-carboxypropy)N-methyl-L-valyl-N-[(3R,4S,59)-1-{(29-2-[(1R,2R)-3-{[(1 S 2R)-1-
carbamoyl-2-phenylcyclopropyl]lamino}-1-methoxy-2-tmg-3-oxopropyl]pyrrolidin-1-yl}-3-
methoxy-5-methyl-1-oxoheptan-4-yj-methyl-L-valinamide

OH

First, in analogy to the synthesis described irermediate 74, by coupling oN-(tert-
butoxycarbonyl)N-methyl-L-valyl-N-[(3R,4S559)-1-{(29-2-[(1R,2R)-2-carboxy-1-
methoxypropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-txoheptan-4-yl[N-methyl-L-valinamide
(Intermediate  26) and $2R)-1-amino-2-phenylcyclopropanecarboxamide triflLaretate
(Intermediate 48) in the presence OF(7-azabenzotriazol-1-ylN,N,N',N-tetramethyluronium
hexafluorophosphate and subsequent detachmenteofBtit protecting group by means of
trifluoroacetic acid, the amine compoumdmethyl-L-valylN-[(3R,4S59)-1-{(29-2-[(1R,2R)-3-
{[(1 S,2R)-1-carbamoyl-2-phenylcyclopropyllamino}-1-methofymethyl-3-oxopropyl]pyrrolidin-
1-yl}-3-methoxy-5-methyl-1-oxoheptan-4-yi-methyl-L-valinamide was prepared as the
trifluoroacetate. 14 mg (0.0163 mmol) of this compd were then used, in analogy to the
preparation of Intermediate 61, by reaction witbxébutanoic acid in the presence of sodium

cyanoborohydride, to obtain 8 mg (57% of theorydhaf title compound.
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HPLC (Method 5): R= 1.6 min;
LC-MS (Method 9): R= 4.64 min; MS (ESIpos): m/z = 829 (M+H)
Intermediate 82

N-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S,59)-1-{(29)-2-[(1R,2R)-3-{[(2 9-1-amino-3-(H-
indol-3-yl)-1-oxopropan-2-yllamino}-1-methoxy-2-nistl-3-oxopropyl]pyrrolidin-1-yl}-3-
methoxy-5-methyl-1-oxoheptan-4-yj-methyl-L-valinamide

IZ

First, in analogy to the synthesis described ierimediate 69, by coupling ™-[(9H-fluoren-9-
ylmethoxy)carbonyl[N-methyl-L-valyl-N-[(2R,3S,4S)-1-carboxy-2-methoxy-4-methylhexan-3-yl]-
N-methyl-L-valinamide (Intermediate 4) amf-{(2R,3R)-3-methoxy-2-methyl-3-[(8)-pyrrolidin-
2-yllpropanoyl}-L-tryptophanamide trifluoroacetaténtermediate 49) in the presence ©f(7-
azabenzotriazol-1-yIN,N,N',N‘tetramethyluronium  hexafluorophosphate and  sube®qu
detachment of the Fmoc protecting group by meargpaftidine, the amine compouhdmethyl-
L-valyl-N-[(3R,4S5,59)-1-{(29-2-[(1R,2R)-3-{[(2 9-1-amino-3-(H-indol-3-yl)-1-oxopropan-2-
yllamino}-1-methoxy-2-methyl-3-oxopropyl]pyrrolidit-yl}-3-methoxy-5-methyl-1-oxoheptan-4-
yl]-N-methyl-L-valinamide was prepared as the trifluaetate. 78 mg (0.088 mmol) of this
compound were then used, in analogy to the praparaf Intermediate 61, by reaction with 4-
oxobutanoic acid in the presence of sodium cyarabairide, to obtain 68 mg (90% of theory) of

the title compound.
HPLC (Method 5): R= 1.8 min;

LC-MS (Method 9): R= 4.49 min; MS (ESIpos): m/z = 856 (M+H)

| ntermediate 83

N-(5-carboxypentylN-methyl-L-valyl-N-[(3R,4S,59)-1-{(29-2-[(1R,2R)-3-{[(2 9-1-amino-3-(H-
indol-3-yl)-1-oxopropan-2-yllamino}-1-methoxy-2-ntetl-3-oxopropyl]pyrrolidin-1-yl}-3-
methoxy-5-methyl-1-oxoheptan-4-y§-methyl-L-valinamide
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This compound was prepared in analogy to the comghau Intermediate 82, proceeding from 20
mg (26 pmol) of N-methyl-L-valyl-N-[(3R,4S,55)-1-{(29-2-[(1R,2R)-3-{[(2 9-1-amino-3-(H-
indol-3-yl)-1-oxopropan-2-yllJamino}-1-methoxy-2-nistl-3-oxopropyl]pyrrolidin-1-yl}-3-

5 methoxy-5-methyl-1-oxoheptan-4-yj-methyl-L-valinamide trifluoroacetate, by reactiwith 4-

oxobutanoic acid in the presence of sodium cyarabhairide prepared.

Yield: 5 mg (25% of theory)

HPLC (Method 5): R= 1.6 min;

LC-MS (Method 11): R= 0.72 min; MS (ESlpos): m/z = 884 (M+H)
10 Intermediate 84

N-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S,55)-3-methoxy-1-{(2)-2-[(1R,2R)-1-methoxy-2-
methyl-3-{[(29)-1-(morpholin-4-yl)-1-oxo-3-phenylpropan-2-yllanai3-oxopropyl]pyrrolidin-1-
yl}-5-methyl-1-oxoheptan-4-yIN-methyl-L-valinamide

15 First, in analogy to the synthesis described inerimediate 79, by coupling oN-(tert-
butoxycarbonyl)N-methyl-L-valyl-N-[(3R,4559)-1-{(29-2-[(1R,2R)-3-{[(1 §-1-carboxy-2-
phenylethyllamino}-1-methoxy-2-methyl-3-oxopropwipolidin-1-yl}-3-methoxy-5-methyl-1-
oxoheptan-4-yl[N-methyl-L-valinamide (Intermediate 46) and morphelin the presence of EDC
and HOBT and subsequent detachment of the Boc gtitogegroup by means of trifluoroacetic

20 acid, the amine compound-methyl-L-valylN-[(3R4S59)-3-methoxy-1-{(5)-2-[(1R,2R)-1-
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methoxy-2-methyl-3-{[($)-1-(morpholin-4-yl)-1-ox0-3-phenylpropan-2-yllanaj3-

oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxoheptan-4HyN-methyl-L-valinamide was prepared as
the trifluoroacetate. 30 mg (0.033 mmol) of thisnpmund were then used, in analogy to the
preparation of Intermediate 61, by reaction witbxébutanoic acid in the presence of sodium

cyanoborohydride, to obtain 22 mg (76% of theoifythe title compound.
HPLC (Method 5): R= 1.6 min;

LC-MS (Method 9): R= 4.58 min; MS (ESIpos): m/z = 887 (M+H)
Intermediate 85

N-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S5,59)-1-{(29-2-[(1R,2R)-3-{[(2 S, 3R)-1-
(benzylamino)-3-hydroxy-1-oxobutan-2-yllJamino}-1-thexy-2-methyl-3-oxopropyl]pyrrolidin-1-
yl}-3-methoxy-5-methyl-1-oxoheptan-4-yN-methyl-L-valinamide

CH,
H3C CH3 H3C CH3 !
HO N N N,
\[(\/\N \;/\N
| I _0 O
0 CH., O CH, O__ O HC H.C
H.C CH CH,

3 3

3 3

First, in analogy to the synthesis described irermediate 79, by coupling oN-(tert-
butoxycarbonyl)N-methyl-L-valyl-N-[(3R,4559)-1-{(29-2-[(1R,2R)-3-{[(1 S-1-carboxy-2-
phenylethyllamino}-1-methoxy-2-methyl-3-oxopropwipolidin-1-yl}-3-methoxy-5-methyl-1-
oxoheptan-4-ylN-methyl-L-valinamide (Intermediate 46) and\N-benzyl-L-threoninamide
trifluoroacetate in the presence of HATU and subset detachment of the Boc protecting group
by means of trifluoroacetic acid, the amine comgbNmmethyl-L-valyl-N-[(3R,4S,59-1-{(29)-2-
[(1R,2R)-3-{[(2 S;3R)-1-(benzylamino)-3-hydroxy-1-oxobutan-2-yllamint}methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl|N-methyl-L-valinamide ~ was
prepared as the trifluoroacetate. 21 mg (0.024 mofahis compound were then used, in analogy
to the preparation of Intermediate 61, by reactidgth 4-oxobutanoic acid in the presence of

sodium cyanoborohydride, to obtain 20 mg (97% ebtly) of the title compound.
HPLC (Method 5): R= 1.54 min;

LC-MS (Method 9): R= 4.49 min; MS (ESIpos): m/z = 861 (M+H)
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| ntermediate 86

4-{[(29-1{[(29-1{[(3R4S59-1-{(29-2-[(1R,2R)-3-{[(2 9-1-tert.-Butoxy-1-0x0-3-
phenylpropan-2-ylJamino}-1-methoxy-2-methyl-3-oxopyl]pyrrolidin-1-yl}-3-methoxy-5-
methyl-1-oxoheptan-4-yl](methyl)amino}-3-methylbat&-yllamino}-3-methyl-1-oxobutan-2-

yll(methyl)amino}butanoic acid

i

3

First, in analogy to the synthesis described irermediate 74, by coupling oN-(tert-
butoxycarbonyl)N-methyl-L-valyl-N-[(3R,4559)-1-{(29-2-[(1R,2R)-2-carboxy-1-
methoxypropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-tixoheptan-4-yl[N-methyl-L-valinamide

(Intermediate 26) andert-butyl-L-phenylalaninate hydrochloride in the pmese of O-(7-
azabenzotriazol-1-yIN,N,N',N‘tetramethyluronium  hexafluorophosphate and  submsqu
detachment of the Boc protecting group by meansiftfioroacetic acid to obtain theert-butyl
ester (stirring with trifluoroacetic acid in diclhonethane for 40 minutes), the amine compound
N-methyl-L-valylN-[(3R,4S559)-1-{(29-2-[(1R,2R)-3-{[(2 §)-1-tert-butoxy-1-oxo-3-phenylpropan-
2-ylJamino}-1-methoxy-2-methyl-3-oxopropyl]pyrrolid-1-yl}-3-methoxy-5-methyl-1-oxoheptan-
4-yl]-N-methyl-L-valinamide was prepared as the trifluaetate. 22 mg (0.02 mmol) of this
compound were then used, in analogy to the preparaf Intermediate 61, by reaction with 4-
oxobutanoic acid in the presence of sodium cyaraibairide, to obtain 16 mg (94% of theory) of

the title compound.

HPLC (Method 5): R= 2.0 min;

LC-MS (Method 9): R= 5.05 min; MS (ESIpos): m/z = 874 (M+H)
Intermediate 87

4-{[(29-1{[(29-1-{[(3R4S,5S)-1-{(29-2-[(1R,2R)-3-{[(2 9-1-tert-Butoxy-3-(1H-indol-3-yl)-1-
oxopropan-2-yllamino}-1-methoxy-2-methyl-3-oxoprdlpyrrolidin-1-yl}-3-methoxy-5-methyl-1-
oxoheptan-4-yl](methyl)amino}-3-methylbutan-2-yl]aro}-3-methyl-1-oxobutan-2-

yll(methyl)amino}butanoic acid
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This compound was prepared in analogy to the sgighescribed in Intermediate 86, proceeding

from 230 mg (336 pumol) oN-(tert-butoxycarbonyl)N-methyl-L-valylN-[(3R,4S59)-1-{(29)-2-
[(1R,2R)-2-carboxy-1-methoxypropyl]pyrrolidin-1-yl}-3-metixy-5-methyl-1-oxoheptan-4-yIj+

methyl-L-valinamide (Intermediate 26) ateft-butyl-L-tryptophanate hydrochloride over 3 stages.

Yield: 95 mg (31% of theory over 3 stages)

HPLC (Method 5): R= 2.0 min;

LC-MS (Method 9): R= 5.05 min; MS (ESIpos): m/z = 913 (M+H)
Intermediate 88

N-(6-aminohexyl)N-methyl-L-valylN-[(3R,4S,59)-1-{(29)-2-[(1R,2R)-3-{[(2 §-1-amino-3-(H-
indol-3-yl)-1-oxopropan-2-yllamino}-1-methoxy-2-nistl-3-oxopropyl]pyrrolidin-1-yl}-3-
methoxy-5-methyl-1-oxoheptan-4-yl§-methyl-L-valinamide

ww

3 3

NH

First, in analogy to the syntheses described ierinédiate 69, by coupling ®¥-[(9H-fluoren-9-
yimethoxy)carbonyl[N-methyl-L-valyl-N-[(2R,3S,4S)-1-carboxy-2-methoxy-4-methylhexan-3-yl]-
N-methyl-L-valinamide (Intermediate 4) amf-{(2R,3R)-3-methoxy-2-methyl-3-[(8)-pyrrolidin-
2-yllpropanoyl}-L-tryptophanamide trifluoroacetaténtermediate 49) in the presence ©f(7-
azabenzotriazol-1-yIN,N,N',N‘tetramethyluronium  hexafluorophosphate and  subssqu
detachment of the Fmoc protecting group by meargpaftidine, the amine compouhdmethyl-
L-valyl-N-[(3R,4S5,59)-1-{(29-2-[(1R,2R)-3-{[(2 9-1-amino-3-(H-indol-3-yl)-1-oxopropan-2-
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ylJamino}-1-methoxy-2-methyl-3-oxopropyl]pyrrolidit-yl}-3-methoxy-5-methyl-1-oxoheptan-4-
yl]-N-methyl-L-valinamide was prepared as the trifluaetate. 30 mg (0.03 mmol) of this
compound were then used, in analogy to the praparat the compound of Intermediate 61, by
reaction with benzyl 6-oxohexyl carbamate, whicld baen obtained beforehand by oxidation of
benzyl 6-hydroxyhexyl carbamate, in the presencsodium cyanoborohydride, to obtain 17 mg
(45% of theory) of the Z-protected compound. Subeatly, hydrogenolysis in methanol over

10% palladium/activated carbon afforded the tidenpound.

Yield: 14 mg (95% of theory)

HPLC (Method 5): R= 1.5 min;

LC-MS (Method 1): R= 0.73 min; MS (ESlpos): m/z = 869 (M+H)
Intermediate 89

N-(6-aminohexyl)N-methyl-L-valylN-[(3R,4S,59)-1-{(29-2-[(1R,2R)-3-{[(2 9-1-tert-bubxy-3-
(1H-indol-3-yl)-1-oxopropan-2-ylJamino}-1-methoxy-2-rigyl-3-oxopropyl]pyrrolidin-1-yl}-3-
methoxy-5-methyl-1-oxoheptan-4-y§-methyl-L-valinamide

CH
3
CH, H.C >k
H,C CH, oH3C CH, y 0 CH,
H N\/g
N\)k N x o
N x N E
(|3H o) : C|:H o o) O\CHO )
* he cH, ° CH, ?

3 3

N
H

NH,

First, in analogy to the synthesis described irermediate 86, by coupling oN-(tert-
butoxycarbonyl)N-methyl-L-valyl-N-[(3R,4S559)-1-{(29-2-[(1R,2R)-2-carboxy-1-
methoxypropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-tixoheptan-4-yl[N-methyl-L-valinamide
(Intermediate 26) andtert-butyl-L-tryptophanate hydrochloride in the pressnof O-(7-
azabenzotriazol-1-yIN,N,N',N‘tetramethyluronium  hexafluorophosphate and  subssqu
detachment of the Boc protecting group by meansiftfioroacetic acid to obtain theert-butyl
ester (stirring with 1:10 trifluoroacetic acid/diohomethane for 30 min), the amine compoizd
methyl-L-valyl-N-[(3R,4559)-1-{(29)-2-[(1R,2R)-3-{[(2 §-1-tert-butoxy-3-(H-indol-3-yl)-1-
oxopropan-2-yllJamino}-1-methoxy-2-methyl-3-oxoprdlpyrrolidin-1-yl}-3-methoxy-5-methyl-1-
oxoheptan-4-ylN-methyl-L-valinamide was prepared as the triflu@etate. 71 mg (0.075 mmol)
of this compound were then used, in analogy toptleparation of the compound of Intermediate

61, by reaction with benzyl 6-oxohexyl carbamatéiiclv had been obtained beforehand by
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oxidation of benzyl 6-hydroxyhexyl carbamate, ie fhresence of sodium cyanoborohydride, to
obtain 35 mg (44% of theory) of the Z-protected pomnd. Subsequently, hydrogenolysis in

methanol over 10% palladium/activated carbon a#drthe title compound.
Yield: 30 mg (98% of theory)

HPLC (Method 5): Rt = 1.9 min;

LC-MS (Method 1): Rt = 0.77 min; MS (ESlpos): m/226 (M+H)+.
Intermediate 90

N-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S5,59)-1-{(29-2-[(1R,2R)-3-{[2-(1H-indoI-3-
yl)ethyllamino}-1-methoxy-2-methyl-3-oxopropyl]pyslidin-1-yl}-3-methoxy-5-methyl-1-

ST

First, in analogy to the synthesis described irermediate 74, by coupling oN-(tert-
butoxycarbonyl)N-methyl-L-valyl-N-[(3R,45,59)-1-{(29-2-[(1R,2R)-2-carboxy-1-
methoxypropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-txoheptan-4-yIN-methyl-L-valinamide

oxoheptan-4-yl[N-methyl-L-valinamide

e

NH

(Intermediate 26) and 24tindol-3-yl)ethanamine in the presence®{7-azabenzotriazol-1-yl)-
N,N,N',N‘tetramethyluronium hexafluorophosphate and sulesqudetachment of the Boc
protecting group by means of trifluoroacetic acide amine compound-methyl-L-valyl-N-
[(BR,4S59-1-{(29)-2-[(1R,2R)-3-{[2-(1H-indol-3-yl)ethyl]amino}-1-methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl|N-methyl-L-valinamide ~ was
prepared as the trifluoroacetate. 100 mg (0.119 Inmiothis compound were then used, in
analogy to the preparation of Intermediate 61,daction with 4-oxobutanoic acid in the presence
of sodium cyanoborohydride, to obtain 50 mg (49%thefory) of the title compound. The title
compound was purified here by flash chromatograpton silica gel with
dichloromethane/methanol/17% ammonia as the eluerthe course of which the mixing ratio
was switched from initially 15/2/02 to 15/4/0.5.
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HPLC (Method 6): R= 1.8 min;
LC-MS (Method 1): R= 0.87 min; MS (ESlpos): m/z = 813 (M+H)
Intermediate 91

N-(3-carboxypropy)N-methyl-L-valylN-{(3R,4S,59)-3-methoxy-1-[(H)-2-{(1R,2R)-1-methoxy-
2-methyl-3-ox0-3-[(2-phenylethyl)amino]propyl}pyiidin-1-yl]-5-methyl-1-oxoheptan-4-yIN-

methyl-L-valinamide

CH,

H.C CH H,C CH
3 3 0] 3 H
H N

o) N N
Y\/\N < N
I I o. O
OH CH, O CH, OL__ O CH,
H.C H CH,

>.....

3
3 C 3

First, in analogy to the synthesis described irermediate 74, by coupling oN-(tert-
butoxycarbonyl)N-methyl-L-valyl-N-[(3R,4S559)-1-{(29-2-[(1R,2R)-2-carboxy-1-
methoxypropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-tixoheptan-4-yl[N-methyl-L-valinamide
(Intermediate 26) and phenylethylamine in the preseof O-(7-azabenzotriazol-1-yIN,N,N',N-
tetramethyluronium hexafluorophosphate and subsggietachment of the Boc protecting group
by means of trifluoroacetic acid, the amine compmbud-methyl-L-valyl-N-{(3R,4S59)-3-
methoxy-1-[(B)-2-{(1R,2R)-1-methoxy-2-methyl-3-ox0-3-[(2-
phenylethyl)amino]propyl}pyrrolidin-1-yl]-5-methyl-oxoheptan-4-ylN-methyl-L-valinamide

was prepared as the trifluoroacetate. 57 mg (Or@iFibl) of this compound were then used, in
analogy to the preparation of Intermediate 61,daction with 4-oxobutanoic acid in the presence
of sodium cyanoborohydride, to obtain 44 mg (80%thefory) of the title compound. The title
compound can also be purified here by flash chrography on silica gel with
dichloromethane/methanol/17% ammonia as the e(d&2/02 -> 15/4/0.5).

HPLC (Method 5): R= 1.7 min;
LC-MS (Method 9): R= 4.64 min; MS (ESIpos): m/z = 774 (M+H)
Intermediate 92

N-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S5,59)-1-{(29-2-[(1R,2R)-3-{[(1 S 2R)-1-hydroxy-
1-phenylpropan-2-ylJamino}-1-methoxy-2-methyl-3-g@topyl]pyrrolidin-1-yl}-3-methoxy-5-
methyl-1-oxoheptan-4-yIN-methyl-L-valinamide
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CH,
H,C.__CH H,C CH OH
HO N\)k N
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3 3

100 mg (0.139 mmol) of N-methyl-L-valylN-[(3R,4559-1-{(29)-2-[(1R 2R)-3-{[(1 S 2R)-1-
hydroxy-1-phenylpropan-2-yllamino}-1-methoxy-2-mgi3-oxopropyl]pyrrolidin-1-yl}-3-

methoxy-5-methyl-1-oxoheptan-4-yj-methyl-L-valinamide (Intermediate 40) were used,

analogy to the preparation of Intermediate 61,daction with 4-oxobutanoic acid in the presence

of sodium cyanoborohydride, to obtain 94 mg (84%thwfory) of the title compound. The title

compound was purified by preparative HPLC.

HPLC (Method 5): R= 1.5 min;

LC-MS (Method 9): R= 4.46 min; MS (ESIpos): m/z = 804 (M+H)
Intermediate 93

N-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R 4S 55)-3-methoxy-1-{(2)-2-[(1R 2R)-1-methoxy-2-
methyl-3-ox0-3-{[(1S9)-2-phenyl-1-(5-phenyl-1,3,4-oxadiazol-2-yl)ethyfjmo}propyl]pyrrolidin-
1-yl}-5-methyl-1-oxoheptan-4-yIN-methyl-L-valinamide

3
H.C CH H.C CH (@]
3 3 o 3 \N
H N, X/
HO \ N\)kN N
Wé é C|:H | ! O\CH Ie)
O H 3
s H3C/\CH3 ° "cH,

22.4 mg (24 pmol) oN-methyl-L-valyl-N-[(3R,4S,59)-3-methoxy-1-{(Z5)-2-[(1R,2R)-1-methoxy-
2-methyl-3-ox0-3-{[(19-2-phenyl-1-(5-phenyl-1,3,4-oxadiazol-2-
yhethyllamino}propyl]pyrrolidin-1-yl}-5-methyl-1-axoheptan-4-yl[N-methyl-L-valinamide

trifluoroacetate were dissolved in 1.4 ml of diogamater and, analogously to the preparation of

Intermediate 61, reacted with 15% aqueous solutibd-oxobutanoic acid in the presence of
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sodium cyanoborohydride. After lyophilization fraioxane, 8.2 mg (38% of theory) of the title

compound were obtained in the form of a white solid

HPLC (Method 10): R= 2.54 min

LC-MS (Method 12): R= 0.94 min; MS (ESIpos): m/z = 919 (M+H)
Intermediate 94

N-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R 4S 55)-3-methoxy-1-{(2)-2-[(1R 2R)-1-methoxy-2-
methyl-3-oxo-3-{[(1R)-2-phenyl-1-(5-phenyl-1,3,4-oxadiazol-2-yl)ethyfjao}propyl]pyrrolidin-
1-yl}-5-methyl-1-oxoheptan-4-yIN-methyl-L-valinamide

CH,
C CH, O™\
H = /N
N N
N
[ O.. 0O
9] CH3
3

CH, O

H3
/\CH CH

H.C CH
3 3 0
H
HO N\)L
O CH, O
HSC 3

17.1 mg (18 pmol) oN-methyl-L-valyl-N-[(3R 4S59)-3-methoxy-1-{(5)-2-[(1R,2R)-1-methoxy-
2-methyl-3-ox0-3-{[(]R)-2-phenyl-1-(5-phenyl-1,3,4-oxadiazol-2-
yhethyllamino}propyl]pyrrolidin-1-yl}-5-methyl-1-axoheptan-4-yl[N-methyl-L-valinamide
trifluoroacetate were dissolved in 1.1 ml of diogAmater and, analogously to the preparation of
Intermediate 61, reacted with 15% aqueous solutibA-oxobutanoic acid in the presence of
sodium cyanoborohydride. After lyophilization frasfioxane, 14.8 mg (89% of theory) of the title

compound were obtained in the form of a white solid

HPLC (Method 10): R= 2.54 min;

LC-MS (Method 12): R= 0.92 min; MS (ESIpos): m/z = 919 (M+H)
Intermediate 95

N-(3-carboxypropyl)N-methyl-L-valylN-[(3RA4S59)-1-{(29)-2-[(1R 2R)-3-{[(29-1-
(benzylsulphonyl)-3-phenylpropan-2-ylJamino}-1-megy-2-methyl-3-oxopropyl]pyrrolidin-1-
yl}-3-methoxy-5-methyl-1-oxoheptan-4-yN-methyl-L-valinamide
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19.3 mg (20 pmol)  N-methyl-L-valyl-N-[(3R A4S 59)-1-{(29-2-[(1R 2R)-3-{[(29-1-
(benzylsulphonyl)-3-phenylpropan-2-ylJamino}-1-megy-2-methyl-3-oxopropyl]pyrrolidin-1-
yl}-3-methoxy-5-methyl-1-oxoheptan-4-yN-methyl-L-valinamide trifluoroacetate were dissalve
in 1.2 ml of dioxane/water and, analogously to pneparation of Intermediate 61, reacted with
15% aqueous solution of 4-oxobutanoic acid in thes@nce of sodium cyanoborohydride. After
lyophilization from dioxane, 8.6 mg (45% of theowf) the title compound were obtained in the

form of a solid.
LC-MS (Method 11): R= 0.85 min; MS (ESIpos): m/z = 943 (M+H)
I ntermediate 96

N-(3-carboxypropyl)N-methyl-L-valyl-N-[(3RAS 59)-1-{(29-2-[(1R 2R)-3-{[(2 S3E)-1,4-
diphenylbut-3-en-2-yllJamino}-1-methoxy-2-methyl-Xapropyl]pyrrolidin-1-yl}-3-methoxy-5-
methyl-1-oxoheptan-4-yIN-methyl-L-valinamide

3 O

155 mg (10 pmol) of N-methyl-L-valyl-N-[(3R,4S59-1-{(29-2-[(1R,2R)-3-{[(2 S 3E)-1,4-
diphenylbut-3-en-2-yllJamino}-1-methoxy-2-methyl-Xapropyl]pyrrolidin-1-yl}-3-methoxy-5-

methyl-1-oxoheptan-4-yIN-methyl-L-valinamide trifluoroacetate were dissavén 1.0 ml of
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dioxane/water and, analogously to the preparatidmtermediate 61, reacted with 15% aqueous
solution of 4-oxobutanoic acid in the presenceamfigm cyanoborohydride. After lyophilization
from dioxane, 10.3 mg (68% of theory) of the titlempound were obtained in the form of a white

solid.

HPLC (Method 10): R=2.59 min;

LC-MS (Method 11): R= 0.94 min; MS (ESIpos): m/z = 877 (M+H)
Intermediate 97

N-(6-aminohexyl)N-methyl-L-valyl-N-[(3R,4S 59)-3-methoxy-1-{(&)-2-[(1R,2R)-1-methoxy-2-
methyl-3-{[(1S2R)-1-(1,2-oxazinan-2-ylcarbonyl)-2-phenylcycloprojayhino}-3-
oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxoheptan-4HyN-methyl-L-valinamide

g ﬁq@w%

The title compound was prepared in analogy to t{meghesis of Intermediate 66, by reaction of
200 mg (0.108 mmol) of N-methyl-L-valylN-[(3R,4S,59)-3-methoxy-1-{(5)-2-[(1R,2R)-1-
methoxy-2-methyl-3-{[(5,2R)-1-(1,2-oxazinan-2-ylcarbonyl)-2-phenylcycloprojayhino}-3-

oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxoheptan-4yN-methyl-L-valinamide trifluoroacetate
(Intermediate 16) with benzyl 3-oxohexyl carbametd subsequent hydrogenolytic detachment of

the Z protecting group (with 5% palladium on chalcas a catalyst, in methanol as a solvent).
Yield: 69 mg (65% of theory over two stages)
HPLC (Method 5): R= 1.7 min;

LC-MS (Method 1): R= 0.76 min; MS (ESlpos): m/z = 912 (M+H)

| ntermediate 98

N-(5-carboxypentylN-methyl-L-valyl-N-[(3R,4S,59)-1-{(29-2-[(1R,2R)-3-{[(2 9-1-
(benzylamino)-3-(H-indol-3-yl)-1-oxopropan-2-ylJamino}-1-methoxy-2-riegy/l-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]N-methyl-L-valinamide
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CH,
H.C CH H,C CH HN
3 3 o 3 3 H
H N
\[(\/\/\N y N :
o} C|ZH o} : ICH ¢} O H c/o © ) =
3 PN 3 ~ 3
Hsc CH, CH3 NH

This compound was prepared in analogy to the sgighdescribed in Intermediate 80. The

purification was effected by preparative HPLC.

Yield: 40 mg (29% of theory over 3 stages)

HPLC (Method 5): R= 1.9 min;

LC-MS (Method 1): R= 0.92 min; MS (ESlpos): m/z = 974 (M+H)
Intermediate 99

(29-2-amino-3-(H-indol-3-yl)-1-(1,2-oxazinan-2-yl)propan-1-one libroacetate

(A

N

CF,COOH x HZN\/&
o)

N
H

324 mg (0.81 mmol) of 2,5-dioxopyrrolidin-1-W-(tert-butoxycarbonyl)-L-tryptophanate were
dissolved in 20 ml of DMF, and 200 mg (1.62 mmdi)lg2-oxazinane hydrochloride (Starting
Compound 5) and 850 ul &f,N-diisopropylethylamine were added. The reactiontanx was

stirred at 50°C overnight and then concentrateceuneidduced pressure. The residue was taken up
in dichloromethane and extracted with water. Thganic phase was dried over magnesium
sulphate and concentrated. The residue was pubfidthsh chromatography on silica gel with 4:1
dichloromethane/ethyl acetate as the eluent. Thelyat fractions were concentrated and the
residue was dried under high vacuum. This gave5ldig (48% of theory) of the Boc-protected

intermediate.
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HPLC (Method 12): R= 1.9 min;
LC-MS (Method 1): R= 1.03 min; MS (ESlpos): m/z = 374 (M+H)

Using 166 mg (444.5 pmol) of this intermediate, emdtandard conditions with 3 ml of
trifluoroacetic acid in 20 ml of dichloromethanketBoc protecting group was detached and, after

HPLC purification, 155 mg (86% of theory) of thdgicompound were obtained.
HPLC (Method 12): R=1.43 min;
LC-MS (Method 11): R= 0.56 min; MS (ESIpos): m/z = 274 (M+H)

Intermediate 100

N-(6-{[(benzyloxy)carbonyllamino}hexylN-methyl-L-valyl-N-[(3R,4559)-1-{(29-2-[(1R,2R)-3-
{[(2 9-3-(1H-indol-3-yl)-1-(1,2-0xazinan-2-yl)-1-oxopropan-Zlgmino}-1-methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yI}-3-methoxy-5-methyl-1-oxweptan-4-yl]N-methyl-L-valinamide

iw%ﬁ@

i:\/ N\/\/\/\ I'(
T |
N
H
177 mg (260 pmol) of N-(tert-butoxycarbonyl)N-methyl-L-valyl-N-[(3R,4S59)-1-{(29-2-
[(1R,2R)-2-carboxy-1-methoxypropyl]pyrrolidin-1-yl}-3-metixy-5-methyl-1-oxoheptan-4-yIj+
methyl-L-valinamide (Intermediate 26) and 100 mgQZ:mol) of (&)-2-amino-3-(H-indol-3-yl)-

1-(1,2-oxazinan-2-yl)propan-1-one trifluoroacetélt@ermediate 99) were taken up in 15 ml of

DMF, and 118 mg (310 pmol) of0-(7-azabenzotriazol-1-yIN,N,N',N-tetramethyluronium
hexafluorophosphate and 140 pIMMN-diisopropylethylamine were added. The reactiontunix
was stirred at RT for 30 min, then concentratedeungduced pressure, and the residue was
purified by means of preparative HPLC. The produattions were combined and concentrated.
After lyophilization from dioxane, 170 mg (68% &febory) of the Boc-protected intermediate were

obtained.
LC-MS (Method 1): R= 1.36 min; m/z = 940 (M+H)

170 mg of this intermediate were treated with 3 ofil trifluoroacetic acid in 30 ml of
dichloromethane for 30 min to detach the Boc pratgcgroup. Then the reaction mixture was
concentrated under reduced pressure and the resm@urified by means of preparative HPLC
to obtain 155 mg (86% of theory) of the deprotedtethethyl-L-valyl-N-[(3R,4S,5S)-1-{(2S)-2-
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[(AR,2R)-3-{[(2S)-3-(1H-indol-3-yl)-1-(1,2-0xazina-yl)-1-oxopropan-2-yllJamino}-1-methoxy-2-
methyl-3-oxopropyl] pyrrolidin-1-yl}-3-methoxy-5-ntbyl-1-oxoheptan-4-yl]-N-methyl-L-

valinamide intermediate.
HPLC (Method 12): R=1.85 min;
LC-MS (Method 1): R= 0.86 min; MS (ESIpos): m/z = 840 (M+H)

50 mg (0.052 mmol) of this intermediate were thesedj in analogy to the preparation of
Intermediate 97, with benzyl 3-oxohexyl carbamatehie presence of sodium cyanoborohydride
and subsequent hydrogenolytic detachment of theafegting group (with 5% palladium on

charcoal as a catalyst, in methanol as a solverapared to prepare the title compound.
Yield: 21 mg (37% of theory)

HPLC (Method 12): R= 2.1 min;

LC-MS (Method 1): R= 1.02 min; MS (ESIpos): m/z = 1073 (M+H)

| ntermediate 101

N-(6-aminohexyl)N-methyl-L-valyl-N-[(3R,4S,59)-1-{(29)-2-[(1R,2R)-3-{[(2 9-3-(1H-indoI-3-yI)-
1-(1,2-oxazinan-2-yl)-1-oxopropan-2-ylJamino}-1-rheky-2-methyl-3-oxopropyl]pyrrolidin-1-
yl}-3-methoxy-5-methyl-1-oxoheptan-4-yN-methyl-L-valinamide

e T

26.7 mg (24.87 pmol) of Intermediate 100 were digzbin 10 ml of methanol and hydrogenated

over palladium/activated carbon (5%) under standtgdtogen pressure for 30 min. The catalyst
was filtered off and the solvent was evaporateduafier reduced pressure. After the residue had

been dried under high vacuum, 22.5 mg (96% of {hemfrthe title compound were obtained.
HPLC (Method 5): R= 1.7 min;

LC-MS (Method 1): R= 0.76 min; MS (ESIpos): m/z = 939 (M+H)
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Intermediate 102

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]hydrazino}-4-oxobutylN-methyl-L -
valyl-N-[(3R,4S5,59)-3-methoxy-1-{(Z)-2-[(1R,2R)-1-methoxy-2-methyl-3-{[(&)-1-(morpholin-4-
yl)-1-ox0-3-phenylpropan-2-ylJamino}-3-oxopropyl]pwlidin-1-yl}-5-methyl-1-oxoheptan-4-yl]-

N-methyl-L-valinamide
o]
cH, [ j
§ H\/L
N H 0
o._ 0 %

H O._ O h

3 ? CH3 CH3 \©

This compound was prepared in analogy to the sgigltescribed in Intermediate 157 froi(3-

carboxypropyl)N-methyl-L-valylN-[(3R,4S,59)-3-methoxy-1-{(25)-2-[(1R,2R)-1-methoxy-2-
methyl-3-{[(29)-1-(morpholin-4-yl)-1-oxo-3-phenylpropan-2-yllanaii3-oxopropyl]pyrrolidin-1-

gvv\i Y\”j;(

CH

yl}-5-methyl-1-oxoheptan-4-yIN-methyl-L-valinamide and commercially available B5-dioxo-

2,5-dihydro-H-pyrrol-1-yl)hexanehydrazide.

Yield: 8 mg (71% of theory)

HPLC (Method 12): R= 1.9 min;

LC-MS (Method 1): R= 0.87 min; MS (ESlpos): m/z = 1094 (M+H)

Intermediate 103

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]hydrazino}-4-oxobutylN-methyl-L-
valyl-N-[(3R,4S,59)-1-{(29-2-[(1R,2R)-3-{[(2 S,3R)- 1-(benzylamino)-3-hydroxy-1-oxobutan-2-
yllamino}-1-methoxy-2-methyl-3-oxopropyl]pyrrolidit-yl}-3-methoxy-5-methyl-1-oxoheptan-4-
yl]-N-methyl-L-valinamide

CH HC
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This compound was prepared in analogy to the sgigltescribed in Intermediate 157 froi(3-
carboxypropyl)N-methyl-L-valyl-N-[(3R,4559)-1-{(29-2-[(1R,2R)-3-{[(2 S 3R)-1-(benzylamino)-
3-hydroxy-1-oxobutan-2-yllamino}-1-methoxy-2-metk8doxopropyl]pyrrolidin-1-yl}-3-methoxy-
5-methyl-1-oxoheptan-4-ylN-methyl-L-valinamide and commercially available B5-dioxo-2,5-

dihydro-1H-pyrrol-1-yl)hexanehydrazide.

Yield: 3 mg (22% of theory)

HPLC (Method 5): R= 1.6 min;

LC-MS (Method 1): R= 0.78 min; MS (ESIpos): m/z = 1069 (M+H)

|ntermediate 104

N-{4-[(trans-4-{[(2,5-dioxopyrrolidin-1-yl)oxy]carboyl}cyclohexyl)amino]-4-oxobutyl}N-
methyl-L-valylN-[(3R,4559)-1-{(29-2-[(1R,2R)-3-{[(2 9-1-amino-3-(H-indol-3-yl)-1-
oxopropan-2-yllamino}-1-methoxy-2-methyl-3-oxoprdlpyrrolidin-1-yl}-3-methoxy-5-methyl-1-

oxoheptan-4-yl[N-methyl-L-valinamide

>....

[ j : C W : (; )
& "
N
H
First, benzyl trans-4-aminocyclohexanecarboxylai#ubroacetate was prepared frotrans4-
aminocyclohexanecarboxylic acid by introducing Bec protecting group, then introducing the

benzyl ester protecting group and subsequently cetg the Boc protecting group by

conventional peptide chemistry methods.

15 mg (18 pmol) ofN-(3-carboxypropyl)N-methyl-L-valylN-[(3R,4S559)-1-{(29-2-[(1R,2R)-3-
{[(2 9-1-amino-3-(H-indol-3-yl)-1-oxopropan-2-ylJamino}-1-methoxy-2-rtgyl-3-oxopropyl]
pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxoheptan-4pN-methyl-L-valinamide were then
dissolved in 5 ml of dimethylformamide and subseqyeadmixed with 13 mg (35 pumol) @-(7-
azabenzotriazol-1-yIN,N,N',N-tetramethyluronium hexafluorophosphate, 9 pupl dfi,N
diisopropylethylamine and with 15 mg (44 umol) ehlyltrans-4-aminocyclohexanecarboxylate
trifluoroacetate. The mixture was stirred at RT forh and then concentrated under reduced
pressure. The remaining residue was purified bynsed preparative HPLC. The corresponding
fractions were combined and the solvent was evéporaff under reduced pressure. After the
residue had been dried under high vacuum, 14.778% (of theory) of the protected intermediate

were obtained as a colourless foam.
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HPLC (Method 6): R= 2.0 min;
LC-MS (Method 1): R= 0.95 min; MS (ESlpos): m/z = 1072 (M+H)

From this protected intermediate, the benzyl estes first removed by hydrogenolytic means and
the free carboxyl component was obtained in quatité yield. 14 mg (14 umol; 1 equiv.) of the
deprotected compound were taken up in 5 ml of DM& admixed with 3.3 mg (29 umol; 2.1
equiv.) of N-hydroxysuccinimide in the presence of 4.1 mg (2hojs 1.5 equiv.) of 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochtte, 7.5 pl (44 pmol; 3.1 equiv.) ®i,N-
diisopropylethylamine and 0.9 mg (7 pumol; 0.5 eguief 4-dimethylaminopyridine, and the
mixture was stirred at RT overnight. Then anoth@eduiv. ofN-hydroxysuccinimide, 5 equiv. of
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydtdoride, 5 equiv. of N,N
diisopropylethylamine and 0.5 equiv. of 4-dimetmyiaopyridine were added and the reaction
mixture was treated in an ultrasound bath for Subsequently, the solvent was evaporated off,
the residue was purified by means of preparativé ZiRnd the corresponding fractions were
combined and concentrated. After lyophilizationtioé residue from dioxane, 9.7 mg (62% of

theory) of the title compound were obtained aslawtess foam.
HPLC (Method 6): R= 1.8 min;
LC-MS (Method 11): R= 0.77 min; MS (ESlpos): m/z = 1078 (M+H)

Intermediate 105

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]hydrazino}-4-oxobutylN-methyl-L-
valyl-N-[(3R,4S,59)-1-{(29-2-[(1R,2R)-3-{[(1 9-1-carboxy-2-phenylethyllJamino}-1-methoxy-2-
methyl-3-oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-mbyl-1-oxoheptan-4-yIN-methyl-L-

valinamide

o, WI( fﬂ%ﬁ

This compound was prepared in analogy to the sgiglidescribed in Intermediate 157, proceeding
from 4-{[(29-1-{[(29-1-{[(3R,4S59-1-{(29-2-[(1R,2R)-3-{[(2 9-1-tert-butoxy-1-0x0-3-
phenylpropan-2-ylJamino}-1-methoxy-2-methyl-3-oxopyl]pyrrolidin-1-yl}-3-methoxy-5-

>....

methyl-1-oxoheptan-4-yl](methyl)amino}-3-methylbuot-ylJamino}-3-methyl-1-oxobutan-2-
yl](methyl)amino}butanoic acid and commercially dsble 6-(2,5-dioxo-2,5-dihydroH-pyrrol-
1-yl)hexanehydrazide. The ester intermediate waairndd in 42% yield. In a second step, 6 mg (6
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pmol) of this intermediate were cleaved with trdftoacetic acid the tert-butyl ester. After HPLC

purification, 3.4 mg (48% of theory) of the titlerapound were obtained.
HPLC (Method 5): R=1.66 min;
LC-MS (Method 2): R= 1.04 min; MS (ESIpos): m/z = 1025 (M+H)

| ntermediate 106

N-[6-(2,5-diox0-2,5-dihydro-#-pyrrol-1-yl)hexyl]-N-methyl-L-valylN-[(3R,4559)-1-{(2 9-2-
[(AR,2R)-3-{[(2 9-1-amino-3-(H-indol-3-yl)-1-oxopropan-2-yljJamino}-1-methoxy-2-ritgyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]N-methyl-L-valinamide

o H,C

CH,
CH H,C CH NH
/ 3H i 3 3 H\/&Z
’TI I o @) :
o CH, O CH, O(_ O “CH,
H,C” TCH, CH,

14 mg (16 pmol) ofN-(6-aminohexyl)N-methyl-L-valylN-[(3R,4S559)-1-{(29-2-[(1R 2R)-3-
{[(2 9-1-amino-3-(H-indol-3-yl)-1-oxopropan-2-ylJamino}-1-methoxy-2-rtigyl-3-oxopropyl]

>.

N
H

pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxoheptan-4pN-methyl-L-valinamide (Intermediate 87)
were taken up in 750 pl of dioxane and admixed wit’h ml of saturated sodium
hydrogencarbonate solution and then with 3.2 mgu@bl) of methyl 2,5-dioxo-2,5-dihydra-t

pyrrole-1-carboxylate. The reaction mixture wasretl at RT for 1 h and then concentrated under
reduced pressure. The remaining residue was pairifie means of preparative HPLC. After

lyophilization, 5.5 mg (36% of theory) of the titempound were obtained.
HPLC (Method 5): R= 1.7 min;
LC-MS (Method 1): R= 0.84 min; MS (ESIpos): m/z = 949 (M+H)

Intermediate 107

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]hydrazino}-4-oxobutylN-methyl-L -
valyl-N-[(3R,4S,59)-1-{(29-2-[(1R,2R)-3-{[2-(1H-indol-3-yl)ethyl]amino}-1-methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yI}-3-methoxy-5-methyl-1-oxweptan-4-yl]N-methyl-L-valinamide
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O
H

HN

o]
||||

38 mg (47 pumol) of N-(3-carboxypropy)N-methyl-L-valyl-N-[(3R,4S,59)-1-{(29-2-[(1R,2R)-3-
{[2-(1H-indol-3-yl)ethyl]amino}-1-methoxy-2-methyl-3-oxoppyl]pyrrolidin-1-yl}-3-methoxy-5-
methyl-1-oxoheptan-4-yIN-methyl-L-valinamide were dissolved in 37 ml of DM&nhd then
admixed with 71 mg (187 pmol) oD-(7-azabenzotriazol-1-yIN,N,N',Ntetramethyluronium
hexafluorophosphate, 33 pl of,N-diisopropylethylamine and with 37 mg (140 pmol) of
commercially available 6-(2,5-dioxo-2,5-dihydrékpyrrol-1-yl)hexanehydrazide. The mixture
was stirred at RT for 1 h. This was followed by cemtration under high vacuum and purification
of the remaining residue by means of preparative@®F hus, 12.2 mg (26% of theory) of the title

compound were obtained as a colourless foam.
HPLC (Method 5): R= 1.6 min;
LC-MS (Method 1): R= 0.85 min; MS (ESIpos): m/z = 1020 (M+H)

Intermediate 108

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]hydrazino}-4-oxobutyliN-methyl-L -
valyl-N-{(3R,4S55)-3-methoxy-1-[(&)-2-{(1R,2R)-1-methoxy-2-methyl-3-ox0-3-[(2-phenylethyl)
amino]propyl}pyrrolidin-1-yl]-5-methyl-1-oxoheptad-yl}- N-methyl-L-valinamide

0 H,C-__CH
N N .

The compound was prepared in analogy to Intermedia?.

Yield: 2.5 mg (30% of theory)
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HPLC (Method 12): R= 1.9 min;
LC-MS (Method 1): R= 0.9 min; MS (ESIpos): m/z = 981 (M+H)

Intermediate 109

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]hydrazino}-4-oxobutylN-methyl-L-
valyl-N-[(3R,4S,59)-1-{(29-2-[(1R,2R)-3-{[(1 S 2R)-1-hydroxy-1-phenylpropan-2-ylJamino}-1-
methoxy-2-methyl-3-oxopropyl]pyrrolidin-1-yl}-3-mbbxy-5-methyl-1-oxoheptan-4-y§-methyl-

L-valinamide

CH,
0 H,C CH H,C CH OH
/ o 3 3 o 3 3 H
N\/\/\)J\ H I'j‘\)J\ N N
N W\N .
o S i, o Z i, oL o Osey® O
* hc” cH, ° CH, 3

The compound was prepared in analogy to Intermedi@? from the compound in Intermediate
92.

Yield: 35 mg (65% of theory)
HPLC (Method 5): R= 1.9 min;
LC-MS (Method 11): R= 0.76 min; MS (ESIpos): m/z = 1011 (M+H)

Intermediate 110

N-{6-[(2,5-dioxopyrrolidin-1-yl)oxy]-6-oxohexyl}N-methyl-L-valyl-N-[(3R,4S559-1-{(29)-2-
[(AR,2R)-3-{[(2 9-1-amino-3-(H-indol-3-yl)-1-oxopropan-2-ylJamino}-1-methoxy-2-riteyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]N-methyl-L-valinamide

H.C CH H.C CH NH
(@] N O 3 3 0 3 3 H 2
| H N
(0] N N Y (¢}
\”/\/\/\N . N E
0 (|2H o) - ICH o) o) O‘CH © :
* nc” cH, © CH, :

C

N
H

This compound was prepared in analogy to Interntedid7 from the compound in Intermediate
83.

Yield: 2.4 mg (24% of theory)
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HPLC (Method 6): R= 1.8 min;
LC-MS (Method 1): R= 0.87 min; MS (ESlpos): m/z = 981 (M+H)

Intermediate 111

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]-1-methylhydrazino}-4-oxobujyN-
methyl-L-valylN-[(3R,4S559)-1-{(29)-2-[(1R,2R)-3-{[(2 §-1-amino-3-(1H-indol-3-yl)-1-
oxopropan-2-yllamino}-1-methoxy-2-methyl-3-oxoprdlpyrrolidin-1-yl}-3-methoxy-5-methyl-1-

oxoheptan-4-yl[N-methyl-L-valinamide

CH,
o H,C_ _CH H,C CH
/ O CH, ° * o° 3
I H o
N _N N N o
N \ﬂ/\/\N ;
H | : I _O0 HN
o o} CH, O CH, OL_ O HC " NH,
H,C H, CH;, H

C

AN
HN

This compound was prepared in analogy to Intermedi0 from Intermediate 82 and

Intermediate 22.

Yield: 6.5 mg (51% of theory)

HPLC (Method 6): R= 1.8 min;

LC-MS (Method 1): R= 4.71 min; MS (ESIpos): m/z = 1077 (M+H)

Intermediate 112

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]hydrazino}-4-oxobutylN-methyl-L-
valyl-N-[(3R,4S559)-1-{(29-2-[(1R,2R)-3-{[(1 S 2R)-1-carbamoyl-2-phenylcyclopropyl]amino}-1-
methoxy-2-methyl-3-oxopropyl]pyrrolidin-1-yl}-3-mkbxy-5-methyl-1-oxoheptan-4-y§-methyl-

L-valinamide
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This compound was prepared in analogy to Interntedi&7 from the compound in Intermediate
81.

qut WIr

Yield: 5.7 mg (57 % of theory)
HPLC (Method 5): R= 1.6 min;
LC-MS (Method 1): R= 0.87 min; MS (ESlpos): m/z = 1036 (M+H)

Intermediate 113

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]hydrazino}-4-oxobutylN-methyl-L-
valyl-N-[(3R,4S,59)-1-{(29-2-[(1R,2R)-3-{[(1 9-1-carboxy-2-(H-indol-3-yl)ethyl]amino}-1-
methoxy-2-methyl-3-oxopropyl]pyrrolidin-1-yl}-3-mbbxy-5-methyl-1-oxoheptan-4-y§-methyl-

Jiw%n@

95 mg (104 pmolpf 4-{[(29-1-{[(29-1{[(3R,4S59-1-{(29-2-[(1R,2R)-3-{[(2 9-1-tert-butoxy-
3-(1H-indol-3-yl)-1-oxopropan-2-ylJamino}-1-methoxy-2-tigyl-3-oxopropyl]pyrrolidin-1-yl}-3-

L-valinamide

O H,C CH
/ (0]
N\/\/\)J\ H
N7 W\N
H I
% o CH, o

methoxy-5-methyl-1-oxoheptan-4-yl](methyl)amino}3ethylbutan-2-ylJamino}-3-methyl-1-
oxobutan-2-yl](methyl)amino}butanoic acid were dis®d in DMF and then admixed with 79.5
mg (209 umol) ofO-(7-azabenzotriazol-1-yl¥,N,N',N-tetramethyluronium hexafluorophosphate,
73 ul of N,N-diisopropylethylamine and with 68 mg (261 pmol)coinmercially available 6-(2,5-
dioxo-2,5-dihydro-H-pyrrol-1-yl)hexanehydrazide. The mixture was stirrat RT for 2 h. This
was followed by concentration under high vacuum padfication of the remaining residue by
means of preparative HPLC. Thus, 104 mg (89% obriheof the tert-butyl ester of the title

compound were obtained as a colourless foam.
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HPLC (Method 5): R= 2.0 min;
LC-MS (Method 1): R= 0.93 min; MS (ESlpos): m/z = 1121 (M+H)

The intermediate was taken up in 33.4 ml of diabeethane, 17 ml of trifluoroacetic acid were
added, and the mixture was stirred at RT for 1 hbsBquently, the reaction mixture was

concentrated under reduced pressure and the regaiipurified by preparative HPLC.
Thus, 61 mg (62 % of theory) of the title compouwvete obtained as a colourless foam.
HPLC (Method 5): R= 1.7 min;

LC-MS (Method 1): R= 0.86 min; MS (ESIpos): m/z = 1064 (M+H)

Intermediate 114

N-[6-({[2-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)ethylJcarbamoyl}amino)hexylN-methyl-L-valyl-
N-[(3R,4S5,59-1-{(29-2-[(1R,2R)-3-{[(2 9-1-amino-3-(H-indol-3-yl)-1-oxopropan-2-yllJamino}-1-
methoxy-2-methyl-3-oxopropyl]pyrrolidin-1-yl}-3-mbbxy-5-methyl-1-oxoheptan-4-y§-methyl-

L-valinamide
o)
N~ N DN N
Q hig \ !
o) CH, AL
(@] H,C

HN

5 mg (5 pmol) ofN-(6-aminohexyl)N-methyl-L-valyl-N-[(3R,45,59-1-{(29)-2-[(1R,2R)-3-{[(29-
1-amino-3-(H-indol-3-yl)-1-oxopropan-2-ylJamino}-1-methoxy-2-gyl-3-oxopropyl]pyrrolidin-
1-yl}-3-methoxy-5-methyl-1-oxoheptan-4-yi§-methyl-L-valinamide were taken up in 885 pl of
DMF and admixed with 5.3 mg (8 pmol) of 4-nitropkkg-(2,5-dioxo-2,5-dihydro-#i-pyrrol-1-

yhethyl carbamate and 2.8 pl bfN-diisopropylethylamine. The reaction mixture waisretl at

RT for 2 h and then concentrated to dryness. Thielue was purified by means of preparative

HPLC.
Yield: 0.58 mg (11% of theory) of a colourless foam
HPLC (Method 5): R= 1.6 min;

LC-MS (Method 1): R= 0.83 min; MS (ESIpos): m/z = 1035 (M+H)
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Intermediate 115

N-{4-[(2,5-dioxopyrrolidin-1-yl)oxy]-4-oxobutyl}N-methyl-L-valyl-N-[(3R,4S5 59)-3-methoxy-1-
{(29-2-[(1R 2R)-1-methoxy-2-methyl-3-{[(5,2R)-1-(1,2-0xazinan-2-ylcarbonyl)-2-
phenylcyclopropyllamino}-3-oxopropyl]pyrrolidin-1R¢5-methyl-1-oxoheptan-4-yIN-methyl-L-

fm%»*
9

This compound was prepared in analogy to the comghau Intermediate 147, proceeding from 8
mg (9 pmol) of N-(3-carboxypropy)N-methyl-L-valyl-N-[(3R,4S,59)-3-methoxy-1-{(%)-2-
[(1R,2R)-1-methoxy-2-methyl-3-{[(52R)-1-(1,2-0xazinan-2-ylcarbonyl)-2-
phenylcyclopropyllamino}-3-oxopropyl]pyrrolidin-1R¢5-methyl-1-oxoheptan-4-yIN-methyl-L-

valinamide

e

valinamide. After concentration, the activated estas purified by means of preparative HPLC

and, after removal of the solvent under reducedsume, reacted immediately with the antibody.
Yield: 3 mg (27% of theory) (hydrolysis-sensitive)

HPLC (Method 5): R= 1.7 min;

LC-MS (Method 1): R= 0.87 min; MS (ESIpos): m/z = 996 (M+H)

Intermediate 116

N-{4-[(2,5-dioxopyrrolidin-1-yl)oxy]-4-oxobutyl}N-methyl-L-valylN-[(3R,4S 59)-3-methoxy-1-
{(29-2-[(1R 2R)-1-methoxy-2-methyl-3-{[(&)-1-(1,2-0xazinan-2-yl)-1-ox0-3-phenylpropan-2-
ylJamino}-3-oxopropyl]pyrrolidin-1-yl}-5-methyl-1-aoheptan-4-yl]N-methyl-L-valinamide
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& Wj;( Nx

3 3

>.....

This compound was prepared in analogy to the comgh@u Intermediate 147, proceeding from 5
mg (6 pmol) of N-(3-carboxypropy)N-methyl-L-valyl-N-[(3R,4S,59)-3-methoxy-1-{(Z5)-2-

5 [(1R2R)-1-methoxy-2-methyl-3-{[(&)-1-(1,2-0xazinan-2-yl)-1-oxo-3-phenylpropan-2-yijmo}-
3-oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxoheptan-d]- N-methyl-L-valinamide. After
concentration, the activated ester was purifiedhegns of preparative HPLC and, after removal of

the solvent under reduced pressure, reacted imiagdigith the antibody.
Yield: 3.2 mg (43% of theory) (hydrolysis-sensidive

10 HPLC (Method 5): R=1.7 min;
LC-MS (Method 1): R= 0.92 min; MS (ESIpos): m/z = 984 (M+H)

Intermediate 117

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]hydrazino}-4-oxobutylN-methyl-L-
valyl-N-[(3R,4559)-1-{(29)-2-[(1R,2R)-3-{[(2 §-1-tert-butoxy-1-0x0-3-phenylpropan-2-yllamino}-
15  1-methoxy-2-methyl-3-oxopropyl]pyrrolidin-1-yl}-3-ethoxy-5-methyl-1-oxoheptan-4-y§-

methyl-L-valinamide

CH

3

%x
fw &

This compound was prepared in analogy to Internedi&7 from the compound in Intermediate
20 86.

0 H,C CH
/ (0]
N\/\/\)J\ H
N~ W\N
H I
o o] CH, o

Yield: 7 mg (42% of theory)
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HPLC (Method 5): R= 1.6 min;
LC-MS (Method 1): R= 0.94 min; MS (ESlpos): m/z = 1081 (M+H)

Intermediate 118

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]hydrazino}-4-oxobutylN-methyl-L-
valyl-N-[(3R,4S,59)-1-{(29-2-[(1R,2R)-3-{[(2 R)-1-(benzyloxy)-3-phenylpropan-2-ylJamino}-1-
methoxy-2-methyl-3-oxopropyl]pyrrolidin-1-yl}-3-mbbxy-5-methyl-1-oxoheptan-4-y§-methyl-

CH, '
N
(ON
chl 0o

L-valinamide

CH,
_A__CH, Oo_ ©
* TcH,

o)
H,C.__CH H.C
/ fo) 3 3 o) 3
N~ W\N < N
H I I
o o] CH, O
H,C~ ~CH,

The target compound was prepared analogously ¢éonietdiate 157 from 7 mg (7.8 umol) of the
compound in Intermediate 68. Yield: 6.3 mg (53%heafory)

LC-MS (Method 1): R= 1.00 min; MS (ESIpos): m/z = 1102 (M+H)

Intermediate 119

N-(4-{2-[6-(2,5-dioxo-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]hydrazino}-4-oxobutyliN-methyl-L -
valyl-N-[(3R,4S,59)-3-methoxy-1-{(5)-2-[(1R,2R)-1-methoxy-2-methyl-3-0x0-3-{[($)-2-phenyl-
1-(5-phenyl-1,3,4-oxadiazol-2-yl)ethyllJamino}profgyrrolidin-1-yl}-5-methyl-1-oxoheptan-4-
yl]-N-methyl-L-valinamide

CH,
o)
o H,C CH, OHSC CH, y o] \N
74 ~
H H N,
N N N N g N
N \ﬂ/\/\N -
o . o] éH o) 2 éH o) o] OSen0
P 3
* THCT TcH, ° TOcH,

7.4 mg (8.1 mmol) oN-(3-carboxypropyl)N-methyl-L-valylN-[(3RAS 59)-3-methoxy-1-{(Z)-2-
[(1R 2R)-1-methoxy-2-methyl-3-0x0-3-{[($)-2-phenyl-1-(5-phenyl-1,3,4-oxadiazol-2-

yhethyllamino}propyl]pyrrolidin-1-yl}-5-methyl-1-xoheptan-4-yl[N-methyl-L-valinamide  and
6.3 mg (24.2 mmol) of 6-(2,5-dioxo-2,5-dihydrétbyrrol-1-yl)hexanehydrazide hydrochloride
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were coupled and worked up in analogy to Interntedi®?7. 1.6 mg (13% of theory) of the title

compound were obtained as a solid.
LC-MS (Method 11): R= 0.89 min; MS (ESlpos): m/z = 1126 (M+H)

| ntermediate 120

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]hydrazino}-4-oxobutylN-methyl-L-
valyl-N-[(3R,4S,59)-3-methoxy-1-{(5)-2-[(1R,2R)-1-methoxy-2-methyl-3-ox0-3-{[(R)-2-phenyI-
1-(5-phenyl-1,3,4-oxadiazol-2-yl)ethyllJamino}propgyrrolidin-1-yl}-5-methyl-1-oxoheptan-4-
yl]-N-methyl-L-valinamide

SN ¥ ¢ mw@w@

12.8 mg (13.9 mmol) oN-(3-carboxypropyl)N-methyl-L-valylN-[(3R A4S 5S)-3-methoxy-1-{(Z5)-
2-[(1R 2R)-1-methoxy-2-methyl-3-ox0-3-{[(R)-2-phenyl-1-(5-phenyl-1,3,4-oxadiazol-2-
yl)ethyllamino}propyl]pyrrolidin-1-yl}-5-methyl-1-xoheptan-4-yl|N-methyl-L-valinamide  and
10.9 mg (41.8 mmol) of 6-(2,5-dioxo-2,5-dihydrbtpyrrol-1-yl)hexanehydrazide hydrochloride
were coupled and worked up in analogy to Interntedl®7. 10.8 mg (59% of theory) of the title

compound were obtained as a solid.
LC-MS (Method 11): R= 0.90 min; MS (ESIpos): m/z = 1126 (M+H)

Intermediate 121

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]hydrazino}-4-oxobutylN-methyl-L-
valyl-N-[(3R,45,59)-1-{(29-2-[(1R,2R)-3-{[(2 §-1-(benzylsulphonyl)-3-phenylpropan-2-
ylJamino}-1-methoxy-2-methyl-3-oxopropyl]pyrrolidit-yl}-3-methoxy-5-methyl-1-oxoheptan-4-
yl]-N-methyl-L-valinamide
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O

7.4 mg (7.9 mmol) oN-(3-carboxypropyl)N-methyl-L-valylN-[(3RAS59-1-{(29-2-[(1R 2R)-3-
{[(2 9-1-(benzylsulphonyl)-3-phenylpropan-2-yllamino}dethoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]N-methyl-L-valinamide  and
6.2 mg (23.5 mmol) of 6-(2,5-dioxo-2,5-dihydrétpyrrol-1-yl)hexanehydrazide hydrochloride
were coupled and worked up in analogy to Interntedi®7. 6.9 mg (74% of theory) of the title

compound were obtained as a solid.
LC-MS (Method 11): R= 0.87 min; MS (ESIpos): m/z = 1150 (M+H)

Intermediate 122

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]hydrazino}-4-oxobutylN-methyl-L -
valyl-N-[(3R,4S,59)-1-{(29-2-[(1R,2R)-3-{[(2 S 3E)-1,4-diphenylbut-3-en-2-ylJamino}-1-methoxy-
2-methyl-3-oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-gthyl-1-oxoheptan-4-yIN-methyl-L -

valinamide

/\CHO

8 mg (9.1 mmol) ofN-(3-carboxypropyl)N-methyl-L-valyl-N-[(3RAS59)-1-{(29-2-[(1R 2R)-3-
{[(2 S3E)-1,4-diphenylbut-3-en-2-yllamino}-1-methoxy-2-mgtiB-oxopropyl]pyrrolidin-1-yl}-3-
methoxy-5-methyl-1-oxoheptan-4-yj-methyl-L-valinamide and 7.2 mg (27.4 mmol) of 652
dioxo-2,5-dihydro-H-pyrrol-1-yl)hexanehydrazide hydrochloride were giedl and worked up in
analogy to Intermediate 157. 8.2 mg (82% of theadfyjhe title compound were obtained as a

white solid.

LC-MS (Method 11): R= 0.95 min; MS (ESlpos): m/z = 1083 (M+H)
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Intermediate 123

N-[6-(2,5-dioxo-2,5-dihydro-H-pyrrol-1-yl)hexyl]-N-methyl-L-valylN-[(3R,4S559)-1-{(29)-2-
[(AR,2R)-3-{[(2 §-1-tert-butoxy-3-(H-indol-3-yl)-1-oxopropan-2-yllamino}-1-methoxy-2-riieyl-
3-oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1>@heptan-4-yl|N-methyl-L-valinamide

i,
N
o

30 mg (30 umol) of Intermediate 89 were taken up ml of 1,4-dioxane and admixed with 4 ml

of saturated sodium hydrogencarbonate solutionthed with 7.5 mg (50 umol) of methyl 2,5-
dioxo-2,5-dihydro-H-pyrrole-1-carboxylate. The reaction mixture wasrat at RT for 1 h and
then concentrated under reduced pressure. The memgaiesidue was purified by means of

preparative HPLC. After lyophilization, 24 mg (7486 theory) of the title compound were
obtained.

HPLC (Method 5): R= 2.2 min;
LC-MS (Method 1): R= 1.01 min; MS (ESIpos): m/z = 1006 (M+H)

Intermediate 124

N-[6-(2,5-dioxo-2,5-dihydro-H-pyrrol-1-yl)hexyl]-N-methyl-L-valylN-[(3R,4S559)-1-{(29)-2-
[(1R,2R)-3-{[(1 9-1-carboxy-2-(H-indol-3-yl)ethyl]Jamino}-1-methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]N-methyl-L-valinamide

O H,C CH
4
N\/\/\/\NI'( % \/&
o C|ZH3 oH

22 mg (20 pmol) of Intermediate 123 were reactetth Wi ml of trifluoroacetic acid in 8 ml of

dichloromethane at RT for 1 h. Thereafter, the tieacmixture was concentrated under reduced
pressure. The remaining residue was purified bynsied preparative HPLC. After lyophilization,
11 mg (54% of theory) of the title compound wer¢agted.
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HPLC (Method 5): R= 1.8 min;
LC-MS (Method 11): R= 0.85 min; MS (ESlpos): m/z = 950 (M+H)

Intermediate 125

N-[6-(2,5-dioxo-2,5-dihydro-H-pyrrol-1-yl)hexyl]-N-methyl-L-valylN-[(3R,4S59)-1-{(29)-2-
[(AR,2R)-3-{[(2 9-3-(1H-indol-3-yl)-1-(1,2-0xazinan-2-yl)-1-oxopropan-Zlgmino}-1-methoxy-2-
methyl-3-oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-mbyl-1-oxoheptan-4-yIN-methyl-L-

CH,

0O

o H,C_ _CH, H,C CH, N
/ i H\/&

H N
N N\)J\ N : o
Y lTl :
O o] =

o H, O CH, OL_ O “CH,
H,C H, CH,

valinamide

i
C

>.....

C

N
H

22.5 mg (20 pmol) of Intermediate 101 were takeniru@ ml of 1:1 dioxane/water and then

admixed with 5.6 mg (40 pumol) of methyl 2,5-diox®&-2lihydro-H-pyrrole-1-carboxylate and
with 0.25 ml of saturated sodium hydrogencarbosatation. The reaction mixture was stirred at
RT for 30 min. Then another 0.25 ml of the satwadedium hydrogencarbonate solution was
added and the reaction mixture was stirred at RRffurther 15 min and then concentrated under
reduced pressure. The remaining residue was pirlfie means of preparative HPLC. After

lyophilization, 12.8 mg (50% of theory) of the éittompound were obtained as a colourless foam.
HPLC (Method 5): R= 1.9 min;
LC-MS (Method 1): R= 0.95 min; MS (ESIpos): m/z = 1019 (M+H)

Intermediate 126

N-[6-(2,5-dioxo-2,5-dihydro-H-pyrrol-1-yl)hexyl]-N-methyl-L-valylN-[(3R,4S559)-3-methoxy-1-
{(29-2-[(1R 2R)-1-methoxy-2-methyl-3-{[(5,2R)-1-(1,2-0xazinan-2-ylcarbonyl)-2-
phenylcyclopropyllamino}-3-oxopropyl]pyrrolidin-1R¢5-methyl-1-oxoheptan-4-yIN-methyl-L-

valinamide
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CH,
o) -0
H,C CH, H,C CH, N
J i R A
H o
N\/\/\/\ N\)'L N X 0
N : N
o cle O. O O enl :
~ -
HSC/\CHS 3 CH3 3 =

64 mg (70 pmol) ofN-(6-aminohexyl)N-methyl-L-valyl-N-[(3R,4S59)-3-methoxy-1-{(Z)-2-
[(1R,2R)-1-methoxy-2-methyl-3-{[(82R)-1-(1,2-0xazinan-2-ylcarbonyl)-2-phenylcyclopropyl

amino}-3-oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxobptan-4-yl]N-methyl-L-valinamide
(Intermediate 97) were taken up in 3 ml of 1:1 diog/water, then adjusted to pH 9 with 4 ml of
saturated sodium hydrogencarbonate solution ansesuiently admixed with 16.3 mg (110 pmol)
of methyl 2,5-dioxo-2,5-dihydroH-pyrrole-1-carboxylate. The reaction mixture wasatl at RT

for 1 h and then concentrated under reduced pres§ben another 8 mg (55 pumol) of methyl 2,5-
dioxo-2,5-dihydro-H-pyrrole-1-carboxylate were added, and the reactioxture was adjusted
again to pH 9 and stirred at RT for a further holinis was followed by concentration and
purification of the remaining residue by means kdparative HPLC. At first, 31 mg of an as yet
uncyclized intermediate were obtained. 27 mg of thiermediate were taken up again in 2 ml of
1:1 dioxane/water and then admixed with 250 platfisated sodium hydrogencarbonate solution.
After stirring at RT for 2 hours, the reaction nise¢ was concentrated and the residue was purified
by means of preparative HPLC. After lyophilizati@® mg (29% of theory) of the title compound

were obtained.
HPLC (Method 5): R=1.96 min;
LC-MS (Method 1): R= 0.97 min; MS (ESIpos): m/z = 992 (M+H)

Intermediate 127

N-{6-[(2,5-dioxopyrrolidin-1-yl)oxy]-6-oxohexyl}N-methyl-L-valylN-[(3R,4S59)-1-{(29)-2-
[(AR,2R)-3-{[(29-1-(benzylamino)-3-(H-indol-3-yl)-1-oxopropan-2-yllJamino}-1-methoxy-2-
methyl-3-oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-mbyl-1-oxoheptan-4-yIN-methyl-L-

valinamide
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17 mg (18 pmol) ofN-(5-carboxypentylN-methyl-L-valyl-N-[(3R,4S559)-1-{(29-2-[(1R,2R)-3-
{[(2 9-1-(benzylamino)-3-(#-indol-3-yl)-1-oxopropan-2-yllamino}-1-methoxy-2-rigyl-3-
oxopropyl]pyrrolidin-1-yI}-3-methoxy-5-methyl-1-oxweptan-4-yl]N-methyl-L-valinamide

5 (Intermediate 98) were dissolved in 2.8 ml of dizbmethane and admixed with 20 mg (174
mmol) of 1-hydroxypyrrolidine-2,5-dione and then tlwi 10 mg (52 pmol) of 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochéte and 0.21 mg (0.17 pmol) of DMAP.
After stirring at RT for 4 h, the reaction mixtuneas concentrated under reduced pressure. The
remaining residue was purified by means of preparatiPLC. After lyophilization, 8.2 mg (43%

10 of theory) of the title compound were obtained.
HPLC (Method 5): R= 2.0 min;
LC-MS (Method 1): R= 0.98 min; MS (ESIpos): m/z = 1071 (M+H)

|ntermediate 128

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]hydrazino}-4-oxobutylN-methyl-L-

15  valyl-N-[(3R,4S59)-3-methoxy-1-{(&)-2-[(1R,2R)-1-methoxy-2-methyl-3-{[(&)-1-(1,2-0xazinan-
2-yl)-1-ox0-3-phenylpropan-2-yllamino}-3-oxoproppijrrolidin-1-yl}-5-methyl-1-oxoheptan-4-
yl]-N-methyl-L-valinamide

CH,
_0
o) H,C~__-CH, H,C CH, N
/ (0] (@] H
H H N
N _N N N Y ¢}
N W\N . N :
o " o] cle o] : lCH o. O O\CHO

20 5 mg (5.6 umol) ofN-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S 5S)-3-methoxy-1-{(Z%)-2-
[(1R,2R)-1-methoxy-2-methyl-3-{[(&)-1-(1,2-0xazinan-2-yl)-1-oxo-3-phenylpropan-2-yijmo}-
3-oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxoheptan-]- N-methyl-L-valinamide were dissolved
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in 845 ul of DMF and then admixed with 3.2 mg (1/haql) of 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride, 2.6 mg (17 pumal)lehydroxy-1H-benzotriazole hydrate, 1.96
pl of N,N-diisopropylethylamine and with 5.9 mg (22.5 pmof)commercially available 6-(2,5-
dioxo-2,5-dihydro-H-pyrrol-1-yl)hexanehydrazide. The mixture was stirrat RT overnight and
then concentrated under high vacuum. The remai@sigue was purified by means of preparative

HPLC. Thus, 2.2 mg (36% of theory) of the title qaand were obtained as a colourless foam.
HPLC (Method 5): R= 1.7 min;
LC-MS (Method 1): R= 0.88 min; MS (ESIpos): m/z = 1094 (M+H)

Intermediate 129

N-(6-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]lhydrazino}-6-oxohexyl\-methyl-L-
valyl-N-[(3R,4S,59)-3-methoxy-1-{(Z5)-2-[(1R,2R)-1-methoxy-2-methyl-3-{[(52R)-1-(1,2-
oxazinan-2-ylcarbonyl)-2-phenylcyclopropyllaminojeXopropyl]pyrrolidin-1-yl}-5-methyl-1-

oxoheptan-4-yl[N-methyl-L-valinamide

4 mg (4.3 pmol) ofN-(5-carboxypentylN-methyl-L-valyl-N-[(3R,4S55)-3-methoxy-1-{(Z%)-2-
[(1R,2R)-1-methoxy-2-methyl-3-{[(5 2R)-1-(1,2-0xazinan-2-ylcarbonyl)-2-phenylcyclopropyl
amino}-3-oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxobptan-4-yl]N-methyl-L-valinamide ~ were
dissolved in 646 pl of DMF and then admixed with5 2mg (13 pmol) of 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydroclitte, 2.0 mg (13 pmol) of 1-hydroxy-t
benzotriazole hydrate, 2.25 pl of,N-diisopropylethylamine and with 4.5 mg (17 pumol) of
commercially available 6-(2,5-dioxo-2,5-dihydrékpyrrol-1-yl)hexanehydrazide. The mixture
was stirred at RT for 3 h and then concentrateceuhdgh vacuum. The remaining residue was
purified by means of preparative HPLC. Thus, 1.9(B&)0 of theory) of the title compound were

obtained as a colourless foam.
HPLC (Method 5): R= 1.7 min;

LC-MS (Method 9): R= 4.9 min; MS (ESlpos): m/z = 1134 (M+H)
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Intermediate 130

N-(4-{[(2R)-1-({5-[(2,5-dioxopyrrolidin-1-yl)oxy]-5-oxopentapyl}amino)propan-2-ylloxy}-4-
oxobutyl)-N-methyl-L-valylIN-[(3R,4559)-3-methoxy-1-{(&)-2-[(1R,2R)-1-methoxy-2-methyl-3-
{[(1 S2R)-1-(1,2-0xazinan-2-ylcarbonyl)-2-phenylcycloprojayhino}-3-oxopropyl]pyrrolidin-1-
yl}-5-methyl-1-oxoheptan-4-yIN-methyl-L-valinamide

0
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10.5 mg (11.7 pmol) oRN-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S5S)-3-methoxy-1-{(Z5)-
2-[(1R,2R)-1-methoxy-2-methyl-3-{[(§,2R)-1-(1,2-0xazinan-2-ylcarbonyl)-2-phenylcyclopropyl
amino}-3-oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxobptan-4-yl]N-methyl-L-valinamide ~ were
dissolved in 3.7 ml of dichloromethane and then iadth with 6.7 mg (35 pmol) of 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide  hydrochitbe, 0.7 mg (5.8 pumol) of 4-
dimethylaminopyridine and with 8.2 mg (47 pmol) admmercially availablgert-butyl (2R)-2-
hydroxypropyl carbamate. The mixture was stirredRat overnight and then concentrated under
high vacuum. The remaining residue was purifiechi®ans of preparative HPLC. Thus, 7.5 mg

(61% of theory) of the Boc-protected intermediatrevobtained as a colourless foam.
HPLC (Method 5): R= 2.0 min;
LC-MS (Method 1): R= 1.03 min; MS (ESIpos): m/z = 1056 (M+H)

Subsequently, the Boc protecting group was detaetidd trifluoroacetic acid. 4.9 mg (0.005
mmol) of the deprotected crude product were thethowut further purification, taken up in 1.8 ml
of dichloromethane and admixed with 3.7 mg (0.0ldhafy of 1,1'-[(1,5-dioxopentane-1,5-
diyl)bis(oxy)]dipyrrolidine-2,5-dione, 2.4 ul (0.@¢1mmol) of N,N-diisopropylethylamine and 0.6
mg (5 umol) of 4-dimethylaminopyridine. The mixtureas stirred at RT for 2 h and then
concentrated under high vacuum. The remaining wesidas purified by means of preparative

HPLC. Thus, 0.77 mg (15% of theory) of the titlemgund were obtained as a colourless foam.
HPLC (Method 5): R= 1.8 min;

LC-MS (Method 1): R= 0.93 min; MS (ESlpos): m/z = 1167 (M+H)
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Intermediate 131

N-{4-[(1-{5-[(2,5-dioxopyrrolidin-1-yl)oxy]-5-oxopetanoyl}piperidin-4-yl)oxy]-4-oxobutyl}N-
methyl-L-valyl-N-[(3R,4S59)-3-methoxy-1-{(2)-2-[(1R,2R)-1-methoxy-2-methyl-3-{[(52R)-1-
(1,2-oxazinan-2-ylcarbonyl)-2-phenylcyclopropyl]ara}-3-oxopropyl]pyrrolidin-1-yl}-5-methyl-
1-oxoheptan-4-yIN-methyl-L-valinamide

10 mg (11 pmol) ofN-(3-carboxypropyl)N-methyl-L-valylN-[(3R,4S 59)-3-methoxy-1-{(Z)-2-
[(1R,2R)-1-methoxy-2-methyl-3-{[(5 2R)-1-(1,2-0xazinan-2-ylcarbonyl)-2-phenylcyclopropyl
amino}-3-oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxobptan-4-yl[N-methyl-L-valinamide ~ were
dissolved in 2 ml of dichloromethane and then aawhixwith 4.3 mg (22 pumol) of 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide  hydrochtte, 0.88 mg (6 pumol) of 4-
dimethylaminopyridine and with 5.2 mg (22 pmol) obmmercially available benzyl 4-
hydroxypiperidine-1-carboxylate. The mixture wasretl at RT overnight and then concentrated
under high vacuum. The remaining residue was muarifly means of preparative HPLC. Thus, 5

mg (40% of theory) of the Z-protected intermediatze obtained as a colourless foam.
HPLC (Method 5): R= 2.1 min;
LC-MS (Method 1): R= 1.04 min; MS (ESlpos): m/z = 1116 (M+H)

Subsequently, the Z protecting group was detachedhyidrogenolytic means in ethanol over
palladium/activated carbon. 4.6 mg (0.005 mmol)tted deprotected crude product were then,
without further purification, taken up in 1.8 ml dfchloromethane and admixed with 3.8 mg
(0.012 mmol) of 1,1'-[(1,5-dioxopentane-1,5-diyBmxy)]dipyrrolidine-2,5-dione, 0.8 pl (0.005

mmol) of N,N-diisopropylethylamine and 0.6 mg (5 pumol) of 4-dihyéaminopyridine. The

mixture was stirred at RT overnight and then cote¢ed under high vacuum. The remaining
residue was purified by means of preparative HPLI&s, 0.96 mg (16% of theory) of the title

compound were obtained as a colourless foam.
HPLC (Method 5): R= 1.8 min;

LC-MS (Method 1): R= 0.94 min; MS (ESIpos): m/z = 1193 (M+H)
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Intermediate 132

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]hydrazinyl}-4-oxobutyIN-methyl-L -
valyl-N-[(3R,4S,59)-3-methoxy-1-{(5)-2-[(1R,2R)-1-methoxy-2-methyl-3-{[(§2R)-1-(1,2-
oxazinan-2-ylcarbonyl)-2-phenylcyclopropyllaminojeXopropyl]pyrrolidin-1-yl}-5-methyl-1-

oxoheptan-4-yl[N-methyl-L-valinamide

15 mg (16.7 pumol) oN-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S 55)-3-methoxy-1-{(Z5)-2-
[(1R,2R)-1-methoxy-2-methyl-3-{[(5 2R)-1-(1,2-0xazinan-2-ylcarbonyl)-2-phenylcyclopropyl
amino}-3-oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxobptan-4-yl]N-methyl-L-valinamide ~ were
dissolved in 2500 pl of DMF and then admixed withé 9mg (50 pmol) of 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydroclitte, 7.6 mg (50 pmol) of 1-hydroxy-t
benzotriazole hydrate, 5.8 pl ®,N-diisopropylethylamine and with 17.4 mg (67 pmol) o
commercially available 6-(2,5-dioxo-2,5-dihydrétpyrrol-1-yl)hexanehydrazide. The mixture
was stirred at RT overnight and then concentratetbuhigh vacuum. The remaining residue was
purified by means of preparative HPLC. Thus, 112 (32% of theory) of the title compound

were obtained as a colourless foam.
HPLC (Method 5): R= 1.7 min;
LC-MS (Method 2): R= 1.09 min; MS (ESIpos): m/z = 1106 (M+H)

| ntermediate 133

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyllhydrazinyl}-4-oxobutyIN-methyl-L -
valyl-N-[(3R,4559)-1-{(29)-2-[(1R,2R)-3-{[(2 S 39-1-(benzyloxy)-1-ox0-3-phenylbutan-2-
ylJamino}-1-methoxy-2-methyl-3-oxopropyl]pyrrolidit-yl}-3-methoxy-5-methyl-1-oxoheptan-4-
yl]-N-methyl-L-valinamide
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5.8 mg (6.3 pmol) oN-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S559)-1-{(29-2-[(1R,2R)-3-
{[(2 S39-1-(benzyloxy)-1-ox0-3-phenylbutan-2-ylJlamino}- latihoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]N-methyl-L-valinamide  were
dissolved in 943 pul of DMF and then admixed with6é 3mg (19 pmol) of 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydroclitte, 2.9 mg (19 pmol) of 1-hydroxy-t
benzotriazole hydrate, 2.2 pl d&f,N-diisopropylethylamine and with 6.6 mg (25 pmol) of
commercially available 6-(2,5-dioxo-2,5-dihydrétpyrrol-1-yl)hexanehydrazide. The mixture
was stirred at RT overnight and then concentratettuhigh vacuum. The remaining residue was
purified by means of preparative HPLC. Thus, 4.5(6%0 of theory) of the title compound were

obtained as a colourless foam.
HPLC (Method 5): R= 2.0 min;
LC-MS (Method 1): R= 1.03 min; MS (ESIpos): m/z = 1129 (M+H)

Intermediate 134

N-[3-({[2-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)ethylJcarbamoyl}amino)propylN-methyl-L -
valyl-N-[(3R,4S,59)-3-methoxy-1-{(5)-2-[(1R,2R)-1-methoxy-2-methyl-3-{[(§2R)-1-(1,2-
oxazinan-2-ylcarbonyl)-2-phenylcyclopropyllaminojeXopropyl]pyrrolidin-1-yl}-5-methyl-1-

oxoheptan-4-yl[N-methyl-L-valinamide
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First, 4-nitrophenyl 2-(2,5-dioxo-2,5-dihydrd43pyrrol-1-yl)ethyl carbamate was prepared under
standard conditions, proceeding from commercialgilable 1-(2-aminoethyl)H-pyrrole-2,5-

dione trifluoroacetate and 4-nitrophenyl chlorocardte.

5 mg (6 pmol) of N-(3-aminopropyl)N-methyl-L-valyl-N-[(3R,4S,55)-3-methoxy-1-{(%)-2-
[(1R,2R)-1-methoxy-2-methyl-3-{[(52R)-1-(1,2-0xazinan-2-ylcarbonyl)-2-phenylcyclopropyl
amino}-3-oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxofptan-4-yl]N-methyl-L-valinamide ~ were
dissolved in 1000 pl of DMF and then admixed with|2of N,N-diisopropylethylamine and with
2.2 mg (9 pmol) of 4-nitrophenyl 2-(2,5-dioxo-2,Bbwdro-1H-pyrrol-1-yl)ethyl carbamate. The
mixture was stirred at RT for 1 h and then conagatt under high vacuum. The remaining residue
was purified by means of preparative HPLC. Thu6,mg (23% of theory) of the title compound

were obtained as a colourless foam.
HPLC (Method 5): R= 1.7 min;
LC-MS (Method 2): R= 1.09 min; MS (ESIpos): m/z = 1036 (M+H)

| ntermediate 135

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]hydrazino}-4-oxobutyliN-methyl-L -
valyl-N-[(3R,4559)-1-{(29)-2-[(1R,2R)-3-{[(2 §-1-(benzyloxy)-1-0x0-3-phenylpropan-2-
ylJamino}-1-methoxy-2-methyl-3-oxopropyl]pyrrolidit-yl}-3-methoxy-5-methyl-1-oxoheptan-4-
yl]-N-methyl-L-valinamide

CH,
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10 mg (11 pmol) ofN-(3-carboxypropyl)N-methyl-L-valylN-[(3R,4S559)-1-{(29-2-[(1R 2R)-3-
{[(2 9-1-(benzyloxy)-1-ox0-3-phenylpropan-2-yllamino}riethoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]N-methyl-L-valinamide ~ were
dissolved in 4000 pl of DMF and then admixed with3 6mg (33 pmol) of 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochtte, 4.5 mg (33 pumol) of 1-hydroxy-t
benzotriazole hydrate, 5.7 ul ®,N-diisopropylethylamine and with 11.5 mg (44 pmol) o
commercially available 6-(2,5-dioxo-2,5-dihydrétpyrrol-1-yl)hexanehydrazide. The mixture

was stirred at RT overnight and then concentratetéuhigh vacuum. The remaining residue was
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purified by means of preparative HPLC. Thus, 2.6(ftfo of theory) of the title compound were

obtained as a colourless foam.
HPLC (Method 6): R= 2.1 min;
LC-MS (Method 1): R= 1.01 min; MS (ESIpos): m/z = 1115 (M+H)

| ntermediate 136

N-(4-{4-[4-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)butanoyl]piperazin-1-yl}-4-oxobutylN-methyl-
L-valyl-N-[(3R,4559)-3-methoxy-1-{(Z)-2-[(1R,2R)-1-methoxy-2-methyl-3-{[(52R)-1-(1,2-
oxazinan-2-ylcarbonyl)-2-phenylcyclopropyllaminojeXopropyl]pyrrolidin-1-yl}-5-methyl-1-

oxoheptan-4-yl[N-methyl-L-valinamide

/ ? I Q
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First, 1-[4-oxo-4-(piperazin-1-yl)butyl]#1-pyrrole-2,5-dione trifluoroacetate was preparedeain

standard conditions, proceeding from tert-butylepgzine-1-carboxylate and 4-(2,5-dioxo-2,5-

dihydro-1H-pyrrol-1-yl)butanoic acid over 2 stages.

5 mg (5.6 umol) ofN-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S,55)-3-methoxy-1-{(Z5)-2-
[(1R,2R)-1-methoxy-2-methyl-3-{[(5 2R)-1-(1,2-0xazinan-2-ylcarbonyl)-2-phenylcyclopropyl
amino}-3-oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxobptan-4-yl[N-methyl-L-valinamide ~ were
dissolved in 1000 pl of DMF and then admixed withl 2mg (11 pmol) of 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochtte, 1.7 mg (11 pmol) of 1-hydroxy-t
benzotriazole hydrate, 2 pl dfN-diisopropylethylamine and with 3.5 mg (5.6 pmadi)lg4-oxo-
4-(piperazin-1-yl)butyl]-H-pyrrole-2,5-dione trifluoroacetate. The mixture swatirred at RT
overnight. Then 2.1 mg (5.6 pmol) @-(7-azabenzotriazol-1-yl{,N,N',N‘tetramethyluronium
hexafluorophosphate were added and the reactioturaixvas stirred at RT for a further 3 h.
Subsequently, the solvent was removed under redpoessure and the remaining residue was
purified by means of preparative HPLC. The corresiirng fractions were concentrated and, by
lyophilization from water, 0.6 mg (10% of theoryj the title compound was obtained as a

colourless foam.

HPLC (Method 6): R= 1.9 min;
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LC-MS (Method 1): R= 0.9 min; MS (ESlpos): m/z = 1132 (M+H)

Intermediate 137

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]-1-methylhydrazino}-4-oxobujyN-
methyl-L-valyl-N-[(3R,4S,59)-3-methoxy-1-{(5)-2-[(1R,2R)-1-methoxy-2-methyl-3-{[($)-1-(1,2-
oxazinan-2-yl)-1-oxo-3-phenylpropan-2-ylJamino}-apropyl]pyrrolidin-1-yl}-5-methyl-1-

oxoheptan-4-yl[N-methyl-L-valinamide
@
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First, 6-(2,5-dioxo-2,5-dihydroH-pyrrol-1-yl)-N'-methylhexanehydrazide trifluoroacetate was
prepared under standard conditions, proceeding ftommercially available 6-(2,5-dioxo-2,5-

dihydro-1H-pyrrol-1-yl)hexanoic acid anekrt-butyl 1-methylhydrazinecarboxylate over 2 stages.

6.9 mg (8 pmol) ofN-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S59)-3-methoxy-1-{(Z)-2-
[(1R,2R)-1-methoxy-2-methyl-3-{[(&)-1-(1,2-0xazinan-2-yl)-1-oxo-3-phenylpropan-2-yijmo}-
3-oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxoheptan-f]- N-methyl-L-valinamide were dissolved
in 2540 pl of DMF and then admixed with 3.6 mg (ghql) of O-(7-azabenzotriazol-1-yl)-
N,N,N',Ntetramethyluronium hexafluorophosphate, 3 pINoR-diisopropylethylamine and with
41 mg (12 pmol) of 6-(2,5-dioxo-2,5-dihydrétdpyrrol-1-yl)-N'-methylhexanehydrazide
trifluoroacetate. The mixture was stirred at RT ronght. Subsequently, the solvent was removed
under reduced pressure and the remaining residsepwadfied by means of preparative HPLC.

Thus, 3.9 mg (45% of theory) of the title compouwvete obtained as a colourless foam.
HPLC (Method 5): R= 1.8 min;
LC-MS (Method 1): R= 0.93 min; MS (ESIpos): m/z = 1108 (M+H)

| ntermediate 138

N-{4-[(2-{[4-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)butanoyl](methyl)amino}ethyl) (methyl)
amino]-4-oxobutyl}N-methyl-L-valyl-N-[(3R,4S,55)-3-methoxy-1-{(&)-2-[(1R,2R)-1-methoxy-2-
methyl-3-{[(1S2R)-1-(1,2-oxazinan-2-ylcarbonyl)-2-phenylcycloprojayhino}-3-
oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxoheptan-4HyN-methyl-L-valinamide
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Proceeding fromtert-butylmethyl 2-(methylamino)ethyl carbamate and2&{dioxo-2,5-dihydro-
1H-pyrrol-1-yl)butanoic acid, over 2 stages, 4-(2iéxa-2,5-dihydro-H-pyrrol-1-yl)-N-methylN-

[2-(methylamino)ethyl]butanamide trifluoroacetatasafirst prepared by.

6.6 mg (7.3 pmol) oN-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S59)-3-methoxy-1-{(Z)-2-
[(1R,2R)-1-methoxy-2-methyl-3-{[(5 2R)-1-(1,2-0xazinan-2-ylcarbonyl)-2-
phenylcyclopropyllamino}-3-oxopropyl]pyrrolidin-1Rt5-methyl-1-oxoheptan-4-yIN-methyl-L-
valinamide were dissolved in 2000 pl of DMF andntlaeimixed with 5.6 mg (14.7 pmol) Ok (7-
azabenzotriazol-1-yIN,N,N',N‘tetramethyluronium hexafluorophosphate, 2.6 pl 0fN-
diisopropylethylamine and with 4.1 mg (9 pmol) of25-dioxo-2,5-dihydro-#i-pyrrol-1-yl)-N-
methyl-N-[2-(methylamino)ethyl]butanamide trifluoroacetadter stirring at RT for 3 h, the same
amounts of HATU andN,N-diisopropylethylamine were added once again, dral reaction
mixture was then stirred at RT overnight. Subsetiyethe solvent was removed under reduced
pressure and the remaining residue was purifiech&gns of preparative HPLC. Thus, 4 mg (44%

of theory) of the title compound were obtained aslaurless foam.
HPLC (Method 6): R= 2.0 min;
LC-MS (Method 1): R= 0.91 min; MS (ESIpos): m/z = 1134 (M+H)

| ntermediate 139

(2R,39)-3-amino-4-{2-[6-(2,5-dioxo-2,5-dihydroH-pyrrol-1-yl)hexanoyl]hydrazino}-4-oxobutan-
2-yl (3R,4S75,109-4-[(29-butan-2-yl]-7,10-diisopropyl-3-(2-{(@-2-[(1R,2R)-1-methoxy-2-
methyl-3-{[(29-1-(1,2-0xazinan-2-yl)-1-ox0-3-phenylpropan-2-yljmo}-3-oxopropyl]pyrrolidin-
1-yl}-2-oxoethyl)-5,11-dimethyl-6,9-dioxo-2-oxa-5 8l -triazapentadecan-15-oate
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13 mg (14.7 pumol) oN-(3-carboxypropyl)N-methyl-L-valylN-[(3R,4S59)-3-methoxy-1-{(Z)-2-
[(1R,2R)-1-methoxy-2-methyl-3-{[(&)-1-(1,2-0xazinan-2-yl)-1-oxo-3-phenylpropan-2-yijmo}-
3-oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxoheptan-f]- N-methyl-L-valinamide were dissolved
in 10 ml of dichloromethane and then admixed wittdh 8ng (44 pmol) of 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide  hydrochtte, 54 mg (44 pmol) of 4-
dimethylaminopyridine and with 9 mg (29.3 pumol) @dmmercially available benzy\-(tert-
butoxycarbonyl)-L-threoninate. The mixture wasrstir at RT for 5 h. Subsequently, the reaction
mixture was twice extracted by shaking with wated she organic phase was dried over sodium
sulphate and concentrated under reduced pressiieerémaining residue was purified by means
of preparative HPLC. After lyophilization from diare/water, 14 mg (81% of theory) of the

protected intermediate were obtained as a colauftesn.
HPLC (Method 12): R= 2.3 min;
LC-MS (Method 1): R= 1.13 min; MS (ESIpos): m/z = 1178 (M+H)

Subsequently, the Z protecting group was detachetydrogenolytic means in methanol over
10% palladium/activated carbon. 9.5 mg (0.0087 moblthe deprotected crude product were
then, without further purification, taken up in 9 of DMF, and admixed 5 mg (26.2 umol) of 1-
(3-dimethylaminopropyl)-3-ethylcarbodiimide hydréchde, 4 mg (26.2 pmol) of 1-hydroxy-t
benzotriazole hydrate, 54.6 pl ofN-diisopropylethylamine and with 9.1 mg (34.9 pmof)
commercially available 6-(2,5-dioxo-2,5-dihydrékpyrrol-1-yl)hexanehydrazide. The mixture
was stirred at RT for 1 h and then concentrateceuhégh vacuum. The remaining residue was
purified by means of preparative HPLC. After lydpation from dioxane, 9.5 mg (84% of theory)

of the Boc-protected intermediate were obtained.
HPLC (Method 12): R= 2.1 min;
LC-MS (Method 1): R= 0.97 min; MS (ESIpos): m/z = 1295 (M+H)

Subsequently, 9.5 mg (7.3 umol) were deprotected @b ml of trifluoroacetic acid in 2 ml of
dichloromethane of the Boc-protected intermediate, after lyophilization from dioxane, 9 mg

(82% of theory) of the title compound were obtaiasd colourless foam.
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HPLC (Method 12): R= 2.1 min;
LC-MS (Method 1): R= 0.84 min; MS (ESlpos): m/z = 1195 (M+H)

Intermediate 140

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]-1-methylhydrazino}-4-oxobujyN-
methyl-L-valylN-[(3R,4S,55)-3-methoxy-1-{(B)-2-[(1R,2R)-1-methoxy-2-methyl-3-{[(5,2R)-1-
(1,2-oxazinan-2-ylcarbonyl)-2-phenylcyclopropyl]ama}-3-oxopropyl]pyrrolidin-1-yl}-5-methyl-
1-oxoheptan-4-yIN-methyl-L-valinamide

CH,
_0
o) H,C CH, H, CH, N

/ o  CH, y o H K

N\/\/\)J\ N N\)J\ NN NN o)
N W\N .
0 "o v o E o. O Osen®

+ e o™ Sond g

41 mg (12 pmol) of 6-(2,5-dioxo-2,5-dihydréidpyrrol-1-yl)-N'-methylhexanehydrazide

nn
O—: O
I
/

trifluoroacetate (Intermediate 22) were dissolvegether with 6.9 mg (8 pmol) of the compound
from Intermediate 61 in 2.5 ml of DMF and then axeci with 3.5 mg (9 pmol) oD-(7-
azabenzotriazol-1-yIN,N,N',N‘tetramethyluronium hexafluorophosphate and 3 pl NN
diisopropylethylamine. The mixture was stirred dt ®&ernight and then concentrated under high
vacuum. The remaining residue was purified by medrmeparative HPLC. After lyophilization

from dioxane, 2.6 mg (30% of theory) of the titngound were obtained.
HPLC (Method 5): R= 1.8 min;
LC-MS (Method 1): R= 0.90 and 0.91 min; MS (ESIpos): m/z = 1120 (M*H)

Intermediate 141

N-[4-({1-[4-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)butanoyl]piperidin-4-yl}oxy)-4-oxobuty N-
methyl-L-valylN-[(3R,4S 55)-3-methoxy-1-{(B)-2-[(1R,2R)-1-methoxy-2-methyl-3-{[(5,2R)-1-
(1,2-oxazinan-2-ylcarbonyl)-2-phenylcyclopropyl]ama}-3-oxopropyl]pyrrolidin-1-yl}-5-methyl-
1-oxoheptan-4-yIN-methyl-L-valinamide
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44 mg (49 umol) of N-(3-carboxypropylN-methyl-L-valyl-N-[(3R,4S5S)-3-methoxy-1-{(Z%)-2-
[(1R,2R)-1-methoxy-2-methyl-3-{[(52R)-1-(1,2-0xazinan-2-ylcarbonyl)-2-phenylcyclopropyl
amino}-3-oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxobptan-4-yl]N-methyl-L-valinamide ~ were
dissolved in 2 ml of dichloromethane and then adwahixvith 18.8 mg (98 umol) of 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide  hydrochtte, 3.8 mg (24 pumol) of 4-
dimethylaminopyridine and with 23 mg (98 pmol) obnumercially available benzyl 4-
hydroxypiperidine-1-carboxylate. The mixture wasretl at RT overnight and then concentrated
under high vacuum. The remaining residue was muarifiy means of preparative HPLC. Thus, 22

mg (40% of theory) of the Z-protected intermediatze obtained as a colourless foam.
HPLC (Method 5): R= 2.1 min;
LC-MS (Method 1): R= 1.04 min; MS (ESIpos): m/z = 1116 (M+H)

Subsequently, the Z protecting group was detachedhyldlrogenolytic means in ethanol over

palladium/activated carbon.

19 mg (19 umol) of the deprotected crude producewieen, without further purification, taken up
in 4 ml of DMF and admixed with 7 mg (39 umol) of(25-dioxo-2,5-dihydro-#-pyrrol-1-
yhbutanoic acid, 11 mg (29 pmol) @&-(7-azabenzotriazol-1-yIN,N,N',N-tetramethyluronium
hexafluorophosphate and 5 pINfN-diisopropylethylamine. The mixture was stirred?at for 1 h
and then concentrated under high vacuum. The réngairesidue was purified by means of
preparative HPLC. After lyophilization from dioxan€.5 mg (34% of theory) of the title

compound were obtained.
HPLC (Method 5): R= 1.8 min;
LC-MS (Method 1): R= 0.94 min; MS (ESlpos): m/z = 1147 (M+H)

Intermediate 142

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]hydrazino}-4-oxobutylN-methyl-L-
valyl-N-[(3R,4S,59)-1-{(29-2-[(1R,2R)-3-{[(2 9-1-(benzyloxy)-3-(H-indol-3-yl)-1-oxopropan-2-
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ylJamino}-1-methoxy-2-methyl-3-oxopropyl]pyrrolidit-yl}-3-methoxy-5-methyl-1-oxoheptan-4-
yl]-N-methyl-L-valinamide

CH,
H,C CH o}

i 3 3 va
\)J\ N H (6]
N H
(IZH e} O H C/o © 7
, ° CH ¢ —

CH

O H,C CH
/ o 3 3
N\/\/\)J\ H H
N~ W\N
H I
o o] CH, O
H,C

HN

9 mg (9.5 pmol) ofN-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S559)-1-{(29-2-[(1R,2R)-3-
{[(2 9-1-(benzyloxy)-3-(H-indol-3-yl)-1-oxopropan-2-ylJamino}-1-methoxy-2-rgy/I-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]N-methyl-L-valinamide
(Intermediate 72) were dissolved in 1000 pl of DEtd then admixed with 10 mg (38 pumol) of
commercially available 6-(2,5-dioxo-2,5-dihydrétpyrrol-1-yl)hexanehydrazide, 7.2 mg (19
pmol) of O-(7-azabenzotriazol-1-yIN,N,N',N-tetramethyluronium hexafluorophosphate and 8 pl
of N,N-diisopropylethylamine, and the reaction mixturesvaiirred at RT for 1 h. Subsequently,
the solvent was removed under reduced pressuréharm@maining residue was purified by means
of preparative HPLC. The corresponding fractionsemeoncentrated and, by lyophilization, 6.4

mg (58% of theory) of the title compound were oféal as a colourless foam.
HPLC (Method 5): R= 1.9 min;
LC-MS (Method 1): R= 0.99 min; MS (ESIpos): m/z = 1154 (M+H)

Intermediate 143

N-(4-{2-[4-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)-2,2-dimethylbutanoyl]hydrazino}-4-oxatyl)-
N-methyl-L-valylN-[(3R,4559)-3-methoxy-1-{(&)-2-[(1R,2R)-1-methoxy-2-methyl-3-{[(5 2R)-
1-(1,2-oxazinan-2-ylcarbonyl)-2-phenylcyclopropyijmo}-3-oxopropyl]pyrrolidin-1-yl}-5-
methyl-1-oxoheptan-4-yIN-methyl-L-valinamide
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6 mg (6.7 pmol) ofN-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S59)-3-methoxy-1-{(Z)-2-
[(1R,2R)-1-methoxy-2-methyl-3-{[(5 2R)-1-(1,2-0xazinan-2-ylcarbonyl)-2-phenylcyclopropyl
amino}-3-oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxobptan-4-yl]N-methyl-L-valinamide
(Intermediate 61) were reacted with 3 mg (8.7 urobk-(2,5-dioxo-2,5-dihydroH-pyrrol-1-yl)-
2,2-dimethylbutanehydrazide trifluoroacetate inlagg to Intermediate 142 to give 2 mg (27% of

theory) of the title compound.
HPLC (Method 12): R= 2.1 min;
LC-MS (Method 3): R= 1.92 min; MS (ESIpos): m/z = 1106 (M+H)

Intermediate 144

N-(4-{2-[4-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)-2,2-dimethylbutanoyl]hydrazino}-4-oxatyl)-
N-methyl-L-valyl-N-[(3R,4S,59)-3-methoxy-1-{(Z5)-2-[(1R,2R)-1-methoxy-2-methyl-3-{[(&)-1-
(1,2-oxazinan-2-yl)-1-oxo-3-phenylpropan-2-ylJamjfgoxopropyl]pyrrolidin-1-yl}-5-methyl-1-

O

To a solution of 5 mg (5.6 pmol) df-(3-carboxypropyl)N-methyl-L-valylN-[(3R,4S59)-3-
methoxy-1-{(X)-2-[(1R,2R)-1-methoxy-2-methyl-3-{[($)-1-(1,2-0xazinan-2-yl)-1-oxo0-3-
phenylpropan-2-yllamino}-3-oxopropyl]pyrrolidin-1Hy5-methyl-1-oxoheptan-4-yIN-methyl-L -
valinamide in 1 ml of DMF were added 7.65 mg (2p/ol) of 4-(2,5-dioxo-2,5-dihydro-1H-
pyrrol-1-yl)-2,2-dimethylbutanehydrazide trifluometate, 3.2 mg (16.9 umol) of EDC, 1.96 pl

oxoheptan-4-yl[N-methyl-L-valinamide

CH,
0 H,C__-CH H,C CH
/ 0 3 3 o 3 3 H
H,C H H
N 2 ~N N\)k N

N \[‘(\/\N . N
H I : I o. O

0o CH, 0 CH, O CH, O._ O CH,

H,C H, CH,

C

(12.3 pmol) of diisopropylethylamine and 2.6 mg.@L@mol) of HOBT. The reaction mixture was
stirred at RT for 3 h. Subsequently, a further 8H (2.8 umol) of 4-(2,5-dioxo-2,5-dihydro-1H-
pyrrol-1-yl)-2,2-dimethylbutanehydrazide trifluoretate was added. After stirring overnight, the
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reaction mixture was concentrated and purified f®parative HPLC. 3.5 mg (85% purity, 48% of

theory) of the title compound were obtained.
LC-MS (Method 3): R= 1.86 min; m/z = 1094 (M+H)

| ntermediate 145

N-[3-(2,5-dioxo-2,5-dihydro-#-pyrrol-1-yl)propyl]IN-methyl-L-valyl-N-[(3R,4S,59)-3-methoxy-1-
{(29-2-[(1R 2R)-1-methoxy-2-methyl-3-{[(52R)-1-(1,2-oxazinan-2-ylcarbonyl)-2-phenyl
cyclopropyl]amino}-3-oxopropyl]pyrrolidin-1-yl}-5-rethyl-1-oxoheptan-4-yIN-methyl-L-

valinamide
H,C__-CH, H,C CH, N
o} O H
H\)k N o
N/\/\N ' N
\ | : I o. © :
CH, O X_ CH; O\CH o] CH, :

12 mg (14 pmol) ofN-(3-aminopropyl)N-methyl-L-valyl-N-[(3R,4S 55)-3-methoxy-1-{(Z5)-2-
[(1R,2R)-1-methoxy-2-methyl-3-{[(5 2R)-1-(1,2-0xazinan-2-ylcarbonyl)-2-phenylcyclopropyl
amino}-3-oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxobptan-4-yl]N-methyl-L-valinamide
(Intermediate 66) were taken up in 750 pl of diexand admixed with 1.5 ml of saturated sodium
hydrogencarbonate solution and then with 3.2 mgu@bl) of methyl 2,5-dioxo-2,5-dihydro-t
pyrrole-1-carboxylate. The reaction mixture wasretl at RT for 1 h and then concentrated under
reduced pressure. The remaining residue was pairifie means of preparative HPLC. After

lyophilization, 4.2 mg (32% of theory) of the titempound were obtained.
HPLC (Method 5): R= 1.7 min;
LC-MS (Method 1): R= 0.94 min; MS (ESIpos): m/z = 950 (M+H)

Intermediate 146

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]hydrazino}-4-oxobutylN-methyl-L-
valyl-N-[(3R,4S,59)-1-{(29-2-[(1R,2R)-3-({(29-1-[benzyl(methyl)amino]-1-oxo-3-phenylpropan-



WO 2013/087716 - 269 - PCT/EP2012/075277

2-yl}amino)-1-methoxy-2-methyl-3-oxopropyl]pyrrolia-1-yl}-3-methoxy-5-methyl-1-oxoheptan-
4-yl]-N-methyl-L-valinamide

9 mg (9.8 umol) ofN-(3-carboxypropy)N-methyl-L-valyl-N-[(3R,4S,59)-1-{(29-2-[(1R,2R)-3-

5 ({(29-1-[benzyl(methyl)amino]-1-oxo-3-phenylpropan-2amino)-1-methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]N-methyl-L-valinamide
(Intermediate 73) were reacted in analogy to Inesfiate 133 with 10 mg (39 pmol) of 6-(2,5-
dioxo-2,5-dihydro-H-pyrrol-1-yl)hexanehydrazide to give 1.8 mg (15% tbéory) of the title

compound.
10 HPLC (Method 12): R= 2.2 min;
LC-MS (Method 9): R= 5.11 min; MS (ESIpos): m/z = 1128 (M+H)

|ntermediate 147

N-{4-[(2,5-dioxopyrrolidin-1-yl)oxy]-4-oxobutyl}N-methyl-L-valyl-N-[(3R,4S559)-1-{(2S)-2-
[(AR,2R)-3-{[(2 S,39-1-(benzyloxy)-1-0x0-3-phenylbutan-2-yllamino}-1latihoxy-2-methyl-3-
15  oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxeeptan-4-yl|N-methyl-L-valinamide

16 mg (17 pmol) ofN-(3-carboxypropyl)N-methyl-L-valylN-[(3R,4S559)-1-{(29)-2-[(1R,2R)-3-
{[(2 S,39-1-(benzyloxy)-1-0x0-3-phenylbutan-2-ylJamino}-1leatihoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]N-methyl-L-valinamide
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(Intermediate 70) were dissolved in 2 ml of dicblomethane and admixed with 2.6 mg (23 mmol)
of 1-hydroxypyrrolidine-2,5-dione and then with 421 pmol) of 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride. After stirring &T for 2 h, the same amounts of 1-
hydroxypyrrolidine-2,5-dione and 1-(3-dimethylamgmopyl)-3-ethylcarbodiimide hydrochloride
were added once again. Then stirring at RT ovetntgk reaction mixture was concentrated under
reduced pressure. The remaining residue was pairifie means of preparative HPLC. After

lyophilization, 10 mg (56% of theory) of the titempound were obtained.
HPLC (Method 5): R= 2.0 min;

Intermediate 148

N-{4-[(2-{[4-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)butanoyl](methyl)amino}ethyl)amino]-4-
oxobutyl}-N-methyl-L-valylN-[(3R,4S 59)-3-methoxy-1-{(Z)-2-[(1R,2R)-1-methoxy-2-methyl-3-
{[(1 S2R)-1-(1,2-0xazinan-2-ylcarbonyl)-2-phenylcycloprojayhino}-3-oxopropyl]pyrrolidin-1-
yl}-5-methyl-1-oxoheptan-4-yIN-methyl-L-valinamide

qovjkw/\/ﬂj(\jc Nji/\,(%N‘DK
.o &, 0 A S O @

6 mg (7 pmol) of N-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S59)-3-methoxy-1-{(Z)-2-
[(1R,2R)-1-methoxy-2-methyl-3-{[(5 2R)-1-(1,2-0xazinan-2-ylcarbonyl)-2-phenylcyclopropyl
amino}-3-oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxobptan-4-yl]N-methyl-L-valinamide
(Intermediate 61) were combined with 2.8 mg (8 pnuil N-(2-aminoethyl)-4-(2,5-dioxo-2,5-
dihydro-1H-pyrrol-1-yl)-N-methylbutanamide trifluoroacetate, 10.1 mg (27 Pmof O-(7-
azabenzotriazol-1-yIN,N,N',N‘tetramethyluronium hexafluorophosphate and 5 pl NN
diisopropylethylamine in 2 ml of DMF and stirredRil overnight. Then another 5 mg (23.5 pmol)
of O-(7-azabenzotriazol-1-yIN,N,N',N-tetramethyluronium hexafluorophosphate and 3 |[N,0¢
diisopropylethylamine were added. After stirringRat for a further 5 h, the solvent was removed
under reduced pressure and the remaining residsepwadfied by means of preparative HPLC.
The corresponding fractions were concentrated baypdlyophilization from dioxane, 1.3 mg (15%

of theory) of the title compound were obtained.

HPLC (Method 12): R= 2.1 min;
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LC-MS (Method 2): R= 1.21 min; MS (ESIpos): m/z = 1120 (M+H)

Intermediate 149

N-{4-[(2-{[4-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)butanoyl]amino}ethyl)(methyl)amino]-4-
oxobutyl}-N-methyl-L-valylN-[(3R,4S 59)-3-methoxy-1-{(Z)-2-[(1R,2R)-1-methoxy-2-methyl-3-
{[(1 S2R)-1-(1,2-0xazinan-2-ylcarbonyl)-2-phenylcycloprojayhino}-3-oxopropyl]pyrrolidin-1-
yl}-5-methyl-1-oxoheptan-4-yIN-methyl-L-valinamide

e e Nfr&w\

)

6 mg (7 umol) of N-(3-carboxypropy)N-methyl-L-valyl-N-[(3R,4S,59)-3-methoxy-1-{(Z5)-2-
[(1R,2R)-1-methoxy-2-methyl-3-{[(52R)-1-(1,2-0xazinan-2-ylcarbonyl)-2-phenylcyclopropyl
amino}-3-oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxobptan-4-yl]N-methyl-L-valinamide
(Intermediate 61) were combined with 3.1 mg (9 Ynedl4-(2,5-dioxo-2,5-dihydro-H-pyrrol-1-
yI)-N-[2-(methylamino)ethyl]butanamide trifluoroacetatel0.1 mg (27 pmol) of O-(7-
azabenzotriazol-1-yIN,N,N',N-tetramethyluronium hexafluorophosphate and 5 pl NN

diisopropylethylamine in 2 ml of DMF, and the mix¢uwvas stirred at RT for 4 h. Then the solvent

was removed under reduced pressure and the remaiesidue was purified by means of
preparative HPLC. The corresponding fractions wewacentrated and, by lyophilization from

dioxane, 1 mg (13.4% of theory) of the title compduvere obtained.
HPLC (Method 12): R= 2.1 min;
LC-MS (Method 1): R= 0.89 min; MS (ESlpos): m/z = 1121 (M+H)

Intermediate 150

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]hydrazino}-4-oxobutylN-methyl-L-
valyl-N-[(3R,4S,59)-3-methoxy-1-{(5)-2-[(1R,2R)-1-methoxy-2-methyl-3-0x0-3-{[($,2R)-2-
phenyl-1-(propylcarbamoyl)cyclopropyl]Jamino}proppijrrolidin-1-yl}-5-methyl-1-oxoheptan-4-
yl]-N-methyl-L-valinamide
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qu er

7.9 mg (9 umol) ofN-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S,59)-3-methoxy-1-{(Z5)-2-
[(1R,2R)-1-methoxy-2-methyl-3-0x0-3-{[($,2R)-2-phenyl-1-(propylcarbamoyl)cyclopropyl]
amino}propyl]pyrrolidin-1-yl}-5-methyl-1-oxohepta#s-yl]-N-methyl-L-valinamide were dissolved
5 in 3 ml of DMF and then admixed with 10.4 mg (54 qiymof 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride, 8.3 mg (54 umai)lshydroxy-1H-benzotriazole hydrate, 9 pl
of N,N-diisopropylethylamine and with 9.5 mg (36 umol)coimnmercially available 6-(2,5-dioxo-
2,5-dihydro-H-pyrrol-1-yl)hexanehydrazide. The mixture was stirrat RT overnight and then
concentrated under high vacuum. The remaining wesidas purified by means of preparative

10 HPLC. Thus, 4.3 mg (22% of theory) of the title gmund were obtained as a colourless foam.
HPLC (Method 6): R= 1.9 min;
LC-MS (Method 9): R= 4.93 min; MS (ESlpos): m/z = 1078 (M+H)

Intermediate 151

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyllhydrazino}-4-oxobutylN-methyl-L-
15 valyl-N-[(3R,4S59-1-{(29-2-[(1R,2R)-3-{[(1 S 2R)-1-carbamoyl-2-phenylcyclopropyllamino}-1-
methoxy-2-methyl-3-oxopropyl]pyrrolidin-1-yl}-3-mbbxy-5-methyl-1-oxoheptan-4-y§-methyl-

fNOWK&

L-valinamide

O H,C CH
/ \/\/\)(T\ N
N H/Nj(\/\ll\l
0 o] CH, o

The compound was prepared analogously to Interreed&0, proceeding from the compound in

20 Intermediate 81.

HPLC (Method 5): R= 1.7 min;
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LC-MS (Method 1): R= 0.87 min; MS (ESIpos): m/z = 1036 (M+H)

Intermediate 152

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]hydrazino}-4-oxobutylN-methyl-L -
valyl-N-[(3R,4S,59)-1-{(29-2-[(1R,2R)-3-{[(1 S, 2R)-1-(ethoxycarbonyl)-2-phenylcyclopropyl]
amino}-1-methoxy-2-methyl-3-oxopropyl]pyrrolidintl}-3-methoxy-5-methyl-1-oxoheptan-4-yl]-
N-methyl-L-valinamide

CH, ) 3
9) H,C CH H,C CH o
/ o 3 3 o 3 3 H
H H
N _N N N o
N W\N -
H | : I o._ O :
o o] CH, O CH, OL_ O :
H,C

~

P 3 S~ H
R CH, CH, :

10 mg (12 pmol) ofN-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S559)-1-{(29-2-[(1R,2R)-3-

{[(1 S,2R)-1-(ethoxycarbonyl)-2-phenylcyclopropyllamino}-1etihoxy-2-methyl-3-oxopropyl]
pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxoheptan-4pN-methyl-L-valinamide were dissolved in
3 ml of DMF and then admixed with 8.9 mg (23 pmafi)O-(7-azabenzotriazol-1-yliN,N,N',N*
tetramethyluronium hexafluorophosphate, 10 pNgftdiisopropylethylamine and with 12 mg (47
pmol) of commercially available 6-(2,5-dioxo-2,3wilro-1H-pyrrol-1-yl)hexanehydrazide. The
mixture was stirred at RT for 1 h. This was follalvey concentration under high vacuum and
purification of the remaining residue by means oéparative HPLC. Thus, 5.8 mg (37 % of

theory) of the title compound were obtained aslawtess foam.
HPLC (Method 6): R= 2.0 min;
LC-MS (Method 9): R= 4.99 min; MS (ESIpos): m/z = 1066 (M+H)

| ntermediate 153

N-[1-(2,5-dioxo-2,5-dihydro-H-pyrrol-1-yl)-12,15-dioxo-3,6,9-trioxa-13,14-diazdadecan-18-
yl]-N-methyl-L-valyl-N-[(3R,4S5,59)-3-methoxy-1-{(Z)-2-[(1R,2R)- 1-methoxy-2-methyl-3-{[ ()-
1-(1,2-oxazinan-2-yl)-1-oxo-3-phenylpropan-2-yl]am}-3-oxopropyl]pyrrolidin-1-yl}-5-methyl-
1-oxoheptan-4-yIN-methyl-L-valinamide
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To a solution of 5 mg (5.6 umol) adfl-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S,59)-3-
methoxy-1-{(2)-2-[(1R,2R)-1-methoxy-2-methyl-3-{[(&)-1-(1,2-oxazinan-2-yl)-1-0xo0-3-
phenylpropan-2-yllamino}-3-oxopropyl]pyrrolidin-1Hy5-methyl-1-oxoheptan-4-yIN-methyl-L -
valinamide in 1 ml of DMF were added 9.7 mg (22rBql) of 3-(2-{2-[2-(2,5-diox0-2,5-dihydro-
1H-pyrrol-1-yl)ethoxy]ethoxy}ethoxy)propanehydrazidefluoroacetate, 3.2 mg (16.9 pumol) of
EDC, 1.96 ul (11.3 pmol) of N,N-diisopropylethylareiand 2.6 mg (16.9 umol) of HOBT. The
reaction mixture was stirred at RT for 3 h. Subseqly, a further 1.2 mg (2.8 umol) of 3-(2-{2-[2-
(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)ethoxyletho)sthoxy)propanehydrazide  trifluoroacetate
were added. The reaction mixture was stirred atoRa@rnight and then purified by preparative
HPLC.

3.6 mg (51% of theory) of the title compound webgained.
LC-MS (Method 1): R= 0.90 min; m/z = 1185 (M+H)

|ntermediate 154

(2R,39)-3-amino-4-{2-[6-(2,5-dioxo-2,5-dihydroH-pyrrol-1-yl)hexanoyl]hydrazino}-4-oxobutan-
2-yl (3R4S75,109-4-[(29-butan-2-yl]-7,10-diisopropyl-3-(2-{(@-2-[(1R,2R)-1-methoxy-2-
methyl-3-{[(1S2R)-1-(1,2-oxazinan-2-ylcarbonyl)-2-phenylcycloprojayhino}-3-
oxopropyl]pyrrolidin-1-yl}-2-oxoethyl)-5,11-dimethy6,9-dioxo-2-oxa-5,8,11-triazapentadecan-
15-oate

o
o H,C~__CH, H,C CH, N~
J 0 Ny NH, " 0 H 1\
N\/\/\)J\ N o N\)J\ N N\ o
N ; \[]/\/\N < N
¢ H o) éH o) (I:H o) : (I:H o._ 0O O\CHO :
: S He” DcH, ° CH ¢ C

15 mg (17 pmol) ofN-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S 55)-3-methoxy-1-{(Z5)-2-
[(1R,2R)-1-methoxy-2-methyl-3-{[(H)-1-(1,2-oxazinan-2-yl)-2-phenylcyclopropyllamin8}-
oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxoheptan-4HyN-methyl-L-valinamide were dissolved in
10 ml of dichloromethane and then admixed with 1208 (67 pmol) of 1-(3-
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dimethylaminopropyl)-3-ethylcarbodiimide  hydrochtt®, 10 mg (83 pmol) of 4-
dimethylaminopyridine and with 10.3 mg (33 pmol) admmercially available benzy-(tert-
butoxycarbonyl)-L-threoninate. The mixture was ldato reflux for 4 h. Then the same amounts
of coupling reagent and 4-dimethylaminopyridine evadded again and the reaction mixture was
heated under reflux overnight. Subsequently, thactren mixture was diluted with
dichloromethane and extracted by shaking once witer, and the organic phase was removed
and concentrated under high vacuum. The remaimsiglue was purified by means of preparative
HPLC. Thus, 7.7 mg (37% of theory) of the protedtgdrmediate were obtained as a colourless

foam.
HPLC (Method 12): R= 2.5 min;
LC-MS (Method 1): R= 1.13 min; MS (ESIpos): m/z = 1190 (M+H)

Subsequently, the benzyl ester protecting group reesoved by hydrogenation under standard
hydrogen pressure in methanol over 10% palladiutim&ted carbon, and the acid thus obtained,
as described in Intermediate 151, was joined to2,B-dioxo-2,5-dihydro-H-pyrrol-1-

ylhexanehydrazide. In a last step, the Boc protgadroup was detached with trifluoroacetic acid.
The remaining residue was purified by means of gmajpre HPLC. Thus, 0.22 mg (2.5% of theory

over 3 stages) of the title compound was obtairsea eolourless foam.
HPLC (Method 12): R= 2.0 min;
LC-MS (Method 1): R= 0.81 min; MS (ESIpos): m/z = 1207 (M+H)

| ntermediate 155

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]hydrazino}-4-oxobutylN-methyl-L-
valyl-N-[(3R,45,59)-1-{(29-2-[(1R,2R)-3-{[(2 S)-1-amino-1-oxo0-3-phenylpropan-2-yljJamino}-1-
methoxy-2-methyl-3-oxopropyl]pyrrolidin-1-yl}-3-mkbxy-5-methyl-1-oxoheptan-4-y§-methyl-

giﬂ%x

L-valinamide
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This compound was prepared in analogy to the sgigltescribed in Intermediate 152, frolag3-
carboxypropyl)N-methyl-L-valyl-N-[(3R,4S559)-1-{(29-2-[(1R,2R)-3-{[(2 §-1-amino-1-0x0-3-
phenylpropan-2-ylJamino}-1-methoxy-2-methyl-3-oxopyl]pyrrolidin-1-yl}-3-methoxy-5-
methyl-1-oxoheptan-4-yIN-methyl-L-valinamide and commercially available B5-dioxo-2,5-

dihydro-1H-pyrrol-1-yl)hexanehydrazide.
HPLC (Method 5): R= 1.6 min;
LC-MS (Method 1): R= 0.82 min; MS (ESIpos): m/z = 1024 (M+H)

Intermediate 156

N-(3-{[(1-{[(2,5-dioxopyrrolidin-1-yl)oxy]carbonyl}g/clopropyl)carbonyllamino}propyIN-
methyl-L-valyl-N-[(3R,4S 59)-3-methoxy-1-{(2)-2-[(1R,2R)-1-methoxy-2-methyl-3-{[(52R)-1-
(1,2-oxazinan-2-ylcarbonyl)-2-phenylcyclopropyl]ara}-3-oxopropyl]pyrrolidin-1-yl}-5-methyl-
1-oxoheptan-4-yIN-methyl-L-valinamide

This compound was prepared in analogy to the sgiglteescribed in the last stage of Intermediate
131, from N-(3-aminopropyl)N-methyl-L-valyl-N-[(3R,4S,59)-3-methoxy-1-{(Z5)-2-[(1R2R)-1-
methoxy-2-methyl-3-{[(5,2R)-1-(1,2-oxazinan-2-ylcarbonyl)-2-phenylcycloprojayhino}-3-
oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxoheptan-4HyN-methyl-L-valinamide and 1,1-
[cyclopropane-1,1-diylbis(carbonyloxy)]dipyrrolidgr2,5-dione, which had been obtained from

the corresponding dicarboxylic acid beforehand.
HPLC (Method 12): R= 2.0 min;
LC-MS (Method 1): R= 0.92 min; MS (ESlpos): m/z = 1080 (M+H)

|ntermediate 157

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]hydrazino}-4-oxobutylN-methyl-L-
valyl-N-[(3R,4S,59)-1-{(29-2-[(1R,2R)-3-{[(2 9-1-amino-3-(H-indol-3-yl)-1-oxopropan-2-
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ylJamino}-1-methoxy-2-methyl-3-oxopropyl]pyrrolidit-yl}-3-methoxy-5-methyl-1-oxoheptan-4-
yl]-N-methyl-L-valinamide

CH,
o H,C.__-CH H,C CH NH
/ o 3 3 o) 3 3 H 2
H H N
N _N N N Y o)
N WN . N :
o) . o) cI:H 0 : (IZH o. O O\CH ° )
* he” eH, ©CH, 3 \
N

H
15 mg (18 pmol) of N-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S559)-1-{(29-2-[(1R,2R)-3-

{[(2 §-1-amino-3-(H-indol-3-yl)-1-oxopropan-2-ylJamino}-1-methoxy-2-rigyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]N-methyl-L-valinamide ~ were
dissolved in 3.8 ml of DMF and then admixed withr®g (70 pmol) ofO-(7-azabenzotriazol-1-
yD-N,N,N',Ntetramethyluronium hexafluorophosphate, 12 pINgR-diisopropylethylamine and
with 14 mg (53 pmol) of commercially available 65zlioxo-2,5-dihydro-H-pyrrol-1-
yl)hexanehydrazide. The reaction mixture was gtire¢ RT for 1 h. This was followed by
concentration under high vacuum and purification tbé remaining residue by means of
preparative HPLC. Thus, 6.2 mg (33% of theory) lné titte compound were obtained as a

colourless foam.
HPLC (Method 5): R= 1.6 min;
LC-MS (Method 1): R= 0.85 min; MS (ESIpos): m/z = 1063 (M+H)

'H-NMR (500 MHz, DMSO-¢, characteristic signalsf = 10.8 (d, 1H), 9.8-9.7 (m, 2H), 9.6 and
9.4 (2m, 1H), 8.9, 8.88, 8.78 and 8.75 (4d, 1H)8&nd 7.85 (2d, 1H), 7.6-6.9 (m, 9H), 4.7-4.4
(m, 3H), 3.4 (t, 2H), 3.23, 3.2, 3.18, 3.0, and92(Ss, 9H), 2.8 (m, 3H), 2.1 (t, 2H), 1.06 and 1.01
(2d, 3H), 0.95-0.8 (m, 15H), 0.8-0.75 (dd, 3H).

| ntermediate 158

N-[4-({(2R)-1-[(2,5-dioxopyrrolidin-1-yl)oxy]-4-methyl-1-oxogntan-2-yl}amino)-4-oxobutyIN-
methyl-L-valyl-N-[(3R,4S559)-1-{(29-2-[(1R,2R)-3-{[(2 9-1-(benzylamino)-1-ox0-3-
phenylpropan-2-ylJamino}-1-methoxy-2-methyl-3-oxopyl]pyrrolidin-1-yl}-3-methoxy-5-
methyl-1-oxoheptan-4-yIN-methyl-L-valinamide
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13 mg (14.7 pumol) oN-(3-carboxypropyl)N-methyl-L-valyl-N-[(3R,4S559)-1-{(29-2-[(1R,2R)-3-

{[(2 9-1-(benzylamino)-1-ox0-3-phenylpropan-2-yllaminbjmethoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]N-methyl-L-valinamide ~ were
dissolved in 4 ml of dimethylformamide and then add with 9.4 mg (25 pumol) oD-(7-
azabenzotriazol-1-yIN,N,N',N‘tetramethyluronium  hexafluorophosphate, 6 pl df,N-
diisopropylethylamine and with 7 mg (31 umol) ohwuoercially availablgert-butyl D-leucinate
hydrochloride trifluoroacetate. The mixture wasrstl at RT for 5 h and then concentrated under
reduced pressure. The remaining residue was pairlfie means of preparative HPLC. After
lyophilization from dioxane/water, 6.5 mg (49% diebry) of the protected intermediate were

obtained as a colourless foam.
HPLC (Method 5): R= 2.2 min;
LC-MS (Method 1): R= 1.21 min; MS (ESIpos): m/z = 1076 (M+H)

Trifluoroacetic acid in dichloromethane was firsed to detach the Boc protecting group from this
protected intermediate, giving 6.2 mg (99% of tggaf the deprotected compound. 5.2 mg (5
pmol) of this intermediate were taken up in 1.5afmtlichloromethane and reacted with 0.8 mg (7
pmol) of N-hydroxysuccinimide in the presence of 1.2 mg (@ raf 1-(3-dimethylaminopropyl)-
3-ethylcarbodiimide hydrochloride and 0.16 mg (1 gimof 4-dimethylaminopyridine. After
stirring at RT for 2 h, the reaction mixture wascentrated and purified by means of preparative

HPLC. 1.3 mg of the title compound were obtainedns of which was hydrolysed to the reactant.

| ntermediate 159

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]hydrazino}-4-oxobutylN-methyl-L-
valyl-N-[(3R,4S5,59)-1-{(29-2-[(1R,2R)-3-{[(2 S)-1-(benzylamino)-1-ox0-3-phenylpropan-2-
ylJamino}-1-methoxy-2-methyl-3-oxopropyl]pyrrolidit-yl}-3-methoxy-5-methyl-1-oxoheptan-4-
yl]-N-methyl-L-valinamide

This compound was prepared in analogy to the sgigltescribed in Intermediate 157, froh{3-
carboxypropyl)N-methyl-L-valyl-N-[(3R,4S559)-1-{(29-2-[(1R,2R)-3-{[(2 §-1-(benzylamino)-1-

oxo-3-phenylpropan-2-yllamino}-1-methoxy-2-methyopropyl]pyrrolidin-1-yl}-3-methoxy-5-
methyl-1-oxoheptan-4-yIN-methyl-L-valinamide and commercially available Z&-dioxo-2,5-

dihydro-1H-pyrrol-1-yl)hexanehydrazide.
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Yield: 6 mg (53% of theory)
HPLC (Method 5): R= 1.9 min;
LC-MS (Method 1): R= 0.94 min; MS (ESlpos): m/z = 1114 (M+H)

| ntermediate 160

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]hydrazino}-4-oxobutylN-methyl-L-
valyl-N-[(3R,4S,59)-1-{(29-2-[(1R,2R)-3-{[(2 9-1-(benzylamino)-3-(&-indol-3-yl)-1-oxopropan-
2-yllamino}-1-methoxy-2-methyl-3-oxopropyl]pyrrolid-1-yl}-3-methoxy-5-methyl-1-oxoheptan-
4-yl]-N-methyl-L-valinamide

3

CH,

{ i 3 L il 3 H\/g

H
N\/\/\)]\ _N N\)]\ N y o)
N \[]/\/\N < N 5
© . o) éH o) : cle 0 O H c/o © ”
HSC/\CH3 3 TCH, 3 =
HN

This compound was prepared in analogy to the sgighdescribed in Intermediate 157, from 20
mg (21 pmol) of N-(3-carboxypropyl)N-methyl-L-valylN-[(3R,4559-1-{(29-2-[(1R,2R)-3-
{[(2 9-1-(benzylamino)-3-(#-indol-3-yl)-1-oxopropan-2-yllamino}-1-methoxy-2-rigyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]N-methyl-L-valinamide and
commercially available 6-(2,5-dioxo-2,5-dihydrékpyrrol-1-yl)hexanehydrazide.

Yield: 13 mg (52% of theory)
HPLC (Method 5): R= 1.9 min;
LC-MS (Method 1): R= 0.92 min; MS (ESIpos): m/z = 1153 (M+H)

Intermediate 161

N-(6-{2-[6-(2,5-diox0-2,5-dihydro-H-pyrrol-1-yl)hexanoyl]lhydrazino}-6-oxohexyl\-methyl-L-
valyl-N-[(3R,4S5,59)-1-{(29-2-[(1R,2R)-3-{[(2 §-1-amino-3-(H-indol-3-yl)-1-oxopropan-2-
ylJamino}-1-methoxy-2-methyl-3-oxopropyl]pyrrolidit-yl}-3-methoxy-5-methyl-1-oxoheptan-4-
yl]-N-methyl-L-valinamide
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CH,
0 H.C CH H.C CH NH
< i 3 L il 3 H\/gz
H
N\/\/\)J\ _N N\)J\ N Y o
N W\/\N ; :
© 4 o) <I:H o) : cI:H oL O H C/o ° 7
HCo YcH, ° CHy  ° —

3

HN

This compound was prepared in analogy to the sgigliescribed in Intermediate 157, froh{5s-
carboxypentyl)N-methyl-L-valyl-N-[(3R,4S,59)-1-{(29-2-[(1R,2R)-3-{[(2 H-1-amino-3-(H-indol-
3-yl)-1-oxopropan-2-ylJamino}-1-methoxy-2-methyle«opropyl]pyrrolidin-1-yl}-3-methoxy-5-

methyl-1-oxoheptan-4-yIN-methyl-L-valinamide and commercially available B&-dioxo-2,5-

dihydro-1H-pyrrol-1-yl)hexanehydrazide.

Yield: 0.8 mg (16% of theory)

HPLC (Method 5): R= 1.6 min;

LC-MS (Method 1): R= 0.78 min; MS (ESIpos): m/z = 1092 (M+H)

Intermediate 162

N-{6-[(2,5-dioxopyrrolidin-1-yl)oxy]-6-oxohexyl}N-methyl-L-valyl-N-[(3R,4S559)-3-methoxy-1-
{(29-2-[(1R 2R)-1-methoxy-2-methyl-3-{[(5,2R)-1-(1,2-0xazinan-2-ylcarbonyl)-2-
phenylcyclopropyllamino}-3-oxopropyl]pyrrolidin-1R¢5-methyl-1-oxoheptan-4-yIN-methyl-L-

valinamide

18 mg (20 pumol) ofN-(5-carboxypentylN-methyl-L-valyl-N-[(3R,4S 5S)-3-methoxy-1-{(Z5)-2-
[(1R,2R)-1-methoxy-2-methyl-3-{[(82R)-1-(1,2-0xazinan-2-ylcarbonyl)-2-phenylcyclopropyl
amino}-3-oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxobptan-4-yl]N-methyl-L-valinamide
(Intermediate 64) were dissolved in 3.2 ml of dichimethane and admixed with 22 mg (190
mmol) of 1-hydroxypyrrolidine-2,5-dione and then tlwi 11 mg (60 pmol) of 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochte and 0.24 mg (0.17 pumol) of DMAP.
After stirring at RT for 2 h, another 22 mg (190 oijrof 1-hydroxypyrrolidine-2,5-dione, 11 mg
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(60 umol) of 1-(3-dimethylaminopropyl)-3-ethylcadhimide hydrochloride and 0.24 mg (0.17
pmol) of DMAP were added and the reaction mixtuges\stirred at RT for a further hour. This
was followed by concentration under reduced pressiine remaining residue was purified by
means of preparative HPLC. After lyophilization2 8ng (41% of theory) of the title compound
were obtained.

HPLC (Method 5): R= 2.0 min;
LC-MS (Method 11): R= 0.9 min; MS (ESlpos): m/z = 1024 (M+H)

Intermediate 163

[(1S2R)-1-amino-2-phenylcyclopropyl](1,4-dihydrd432,3-benzoxazin-3-yl)methanone

trifluoroacetate

CF,COOH X  H,N

[ )
'I

“

7,
@]

First, proceeding from 265 mg (0.82 mmol) tdrt-butyl (1S2R)-1-(hydroxycarbamoyl)-2-
phenylcyclopropyl carbamate (Starting Compound 7hy reaction with 1,2-
bis(bromomethyl)benzene, analogously to a liteeatmethod (see H. King,. Chem. Socl942,

432), the Boc-protected tert-butyl (1S,2R)-1-(lidydro-3H-2,3-benzoxazin-3-ylcarbonyl)-2-

phenylcyclopropyl carbamate intermediate was pexghar
Yield: 108 mg (34% of theory)
LC-MS (Method 2): R= 1.3 min; MS (ESIpos): m/z = 395 (M+H)

108 mg (0.27 mmol) of this intermediate were takenin 3.7 ml of dichloromethane, 1.8 ml of
trifluoroacetic acid were added, and the mixtures wtrred at RT for 15 min. This was followed
by concentration under reduced pressure and lyiaptidn of the remaining residue from dioxane.

112 mg of the title compound were obtained in gitaite yield as a colourless foam.
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LC-MS (Method 1): R= 0.7 min; MS (ESIpos): m/z = 295 (M+H)

|ntermediate 164

N-methyl-L-valyl-N-[(3R,4559-1-{(29-2-[(1R,2R)-3-{[(1 S2R)-1-(1,4-dihydro-$-2,3-
benzoxazin-3-ylcarbonyl)-2-phenylcyclopropyllaminbjmethoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yI}-3-methoxy-5-methyl-1-oxweptan-4-yl]N-methyl-L-valinamide

trifluoroacetate

x CF,COOH

166 mg (0.196 mmol) oN-[(9H-fluoren-9-ylmethoxy)carbonylN-methyl-L-valyl-N-[(3R,4S,59)-
1-{(29-2-[(1R,2R)-2-carboxy-1-methoxypropyl]pyrrolidin-1-yl}-3-mettxy-5-methyl-1-
oxoheptan-4-ylN-methyl-L-valinamide (Intermediate 10) were takgmin 40 ml of DMF and
admixed successively with 80 mg (0.196 mmol) ofS[2R)-1-amino-2-phenylcyclopropyl](1,4-
dihydro-3H-2,3-benzoxazin-3-yl)methanone trifluoroacetatetefimediate 163), 112 mg (0.294
mmol) of O-(7-azabenzotriazol-1-yIN,N,N',Ntetramethyluronium hexafluorophosphate (HATU)
and 682 pul (3.9 mmol) dfl,N-diisopropylethylamine. The mixture was subsequyestifred at RT
overnight. The reaction mixture was then conceettatnder reduced pressure, the residue was
taken up in ethyl acetate and the solution was ®adshith saturated aqueous sodium chloride
solution. The organic phase was dried over magnesiuiphate, filtered and concentrated. The
residue was finally purified by preparative HPL@ this way, 19 mg (9% of theory) of the Fmoc-
protected intermediat®&-[(9H-fluoren-9-ylmethoxy)carbonyIN-methyl-L-valyl-N-[(3R,4S,59)-1-
{(29-2-[(1R 2R)-3-{[(1 S 2R)-1-(1,4-dihydro-8-2,3-benzoxazin-3-ylcarbonyl)-2-
phenylcyclopropyllamino}-1-methoxy-2-methyl-3-oxamyl]pyrrolidin-1-yl}-3-methoxy-5-

methyl-1-oxoheptan-4-yIN-methyl-L-valinamide were obtained.
HPLC (Method 5): R= 1.68 min;

LC-MS (Method 1): R= 1.51 min; MS (ESIpos): m/z = 1083 (M+H)
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19 mg (0.015 mmol) of this intermediate were digadl in 4 ml of DMF. After 817 pl of
piperidine had been added, the reaction mixturestiaed at RT for 5 min. This was followed by
concentration under reduced pressure, and theueesids first digested with diethyl ether and
then purified by means of preparative HPLC (eluacetonitrile + 0.1% TFA / 0.1% aq. TFA).
The corresponding fractions were combined, theestdlwas removed under reduced pressure and
then the residue was lyophilized from dioxane/wat@rmg (92% of theory) of the title compound

were obtained as a colourless foam.
HPLC (Method 6): R= 2.0 min;
LC-MS (Method 1): R= 0.94 min; MS (ESlpos): m/z = 861 (M+H)

Intermediate 165

N-(6-aminohexyl)-N-methyl-L-valyl-N-[(3R,4S,5S)-1ZS)-2-[(1R,2R)-3-{[(1S,2R)-1-(1,4-
dihydro-3H-2,3-benzoxazin-3-ylcarbonyl)-2-phenyllmgropyllamino}-1-methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]-N-methyl-L-valinamide

", N\/\/\/\N ji/\y(%i'g

20 mg (0.021 mmol) of Intermediate 164 were usednalogy to the preparation of Intermediate

97, with benzyl 3-oxohexyl carbamate in the presasfcsodium cyanoborohydride and subsequent
hydrogenolytic detachment of the Z protecting groujth 5% palladium on charcoal as a catalyst,

in methanol as a solvent), to prepare the title momd.
Yield: 4.5 mg (23% of theory over 2 stages)
HPLC (Method 12): R= 1.9 min;

LC-MS (Method 1): R= 0.9 min; MS (ESIpos): m/z = 960 (M+H)
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Intermediate 166

N-[6-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)hexyl]-Mnethyl-L-valyl-N-[(3R,4S,5S)-1-{(2S)-2-
[(AR,2R)-3-{[(1S,2R)-1-(1,4-dihydro-3H-2,3-benzoxaB-ylcarbonyl)-2-
phenylcyclopropyllamino}-1-methoxy-2-methyl-3-oxamyl]pyrrolidin-1-yl}-3-methoxy-5-
methyl-1-oxoheptan-4-yl]-N-methyl-L-valinamide

S SUP, JEm fﬂ%%

4.4 mg (4.5 pumol) of Intermediate 165 were takeniud ml of 1:1 dioxane/water and then

admixed with 1 mg (6.8 pmol) of methyl 2,5-diox&=2lihydro-1H-pyrrole-1-carboxylate and with
50 ul of saturated aqueous sodium hydrogencarbaoe@igon. The reaction mixture was stirred at
RT for 30 min. Then another 50 pl of the saturaigdeous sodium hydrogencarbonate solution
were added and the reaction mixture was stirreRITator a further 15 min and then concentrated
under reduced pressure. The remaining residue wited by means of preparative HPLC. After

lyophilization, 1 mg (21% of theory) of the titlempound were obtained as a colourless foam.
HPLC (Method 12): R= 2.1 min;
LC-MS (Method 1): R= 1.08 min; MS (ESIpos): m/z = 1040 (M+H)

|ntermediate 167

benzyl 3-{2-[2-(2-oxoethoxy)ethoxy]ethoxy}propaneat

(@)
)k/\ O H
@] 9] NN
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The title compound was prepared from 6 g (21.55 mmibcommercially available 3-{2-[2-(2-

hydroxyethoxy)ethoxylethoxy}propanoic acid undearstard conditions, first by esterification
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with benzyl chloride and caesium carbonate and espent oxidation with sulphur trioxide-

pyridine complex.
Yield: 611 mg (10% of theory over 2 stages)
LC-MS (Method 2): R= 1.69 min; MS (ESIpos): m/z = 311 (M+H)

| ntermediate 168

N-(2-{2-[2-(2-carboxyethoxy)ethoxy]ethoxy}ethyl)-Methyl-L-valyl-N-[(3R,4S,5S)-1-{(2S)-2-
[(AR,2R)-3-{[(2S)-1-amino-3-(1H-indol-3-yl)-1-oxoppan-2-ylJamino}-1-methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]-N-methyl-L-valinamide

Jiw%m@

First, in analogy to the synthesis described ierimediate 69, by coupling ™-[(9H-fluoren-9-

o

yimethoxy)carbonyl[N-methyl-L-valyl-N-[(2R,3S4S)-1-carboxy-2-methoxy-4-methylhexan-3-yl]-
N-methyl-L-valinamide (Intermediate 4) amf-{(2R,3R)-3-methoxy-2-methyl-3-[(8)-pyrrolidin-
2-yllpropanoyl}-L-tryptophanamide trifluoroacetaténtermediate 49) in the presence ©f(7-
azabenzotriazol-1-yIN,N,N',N‘tetramethyluronium  hexafluorophosphate and  sube®qu
detachment of the Fmoc protecting group by meanspafridine, the amine compouhdmethyl-
L-valyl-N-[(3R,45,59)-1-{(29-2-[(1R,2R)-3-{[(2 §-1-amino-3-(H-indol-3-yl)-1-oxopropan-2-
yllamino}-1-methoxy-2-methyl-3-oxopropyl]pyrrolidit-yl}-3-methoxy-5-methyl-1-oxoheptan-4-
yl]-N-methyl-L-valinamide was prepared as the trifluaetate.

25 mg (0.028 mmol) of this compound and 17.5 m@g0mmol) of Intermediate 167 were
combined in 2 ml of methanol and admixed with 1&g (0.14 mmol) of borane-pyridine complex
and 2.5 ml of acetic acid. The reaction mixture w#sed at RT overnight. Then the same
amounts of borane-pyridine complex and acetic astlle added once again and the reaction
mixture was stirred at RT for a further 24 h. Thias followed by concentration under reduced
pressure, and the residue was purified by meampsepfarative HPLC. After concentration of the
corresponding fractions and lyophilization from @libxane/water, 26.5 mg (88% of theory) of the

Z-protected title compound were obtained.

HPLC (Method 12): R= 2.04 min;
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LC-MS (Method 1): R= 0.97 min; MS (ESIpos): m/z = 1064 (M+H)

25 mg (0.024 mmol) of this intermediate were takenin 10 ml of methanol and hydrogenated
over 10% palladium on activated carbon under stahbgdrogen pressure at RT for 45 min. The
catalyst was then filtered off and the solvent wamoved under reduced pressure. After

lyophilization from dioxane, 19.7 mg (85% of thepof the title compound were obtained.
HPLC (Method 12): R= 1.8 min;
LC-MS (Method 1): R= 0.83 min; MS (ESIpos): m/z = 974 (M+H)

Intermediate 169

N-{2-[2-(2-{3-[(2,5-dioxopyrrolidin-1-yl)oxy]-3-oxg@ropoxy}ethoxy)ethoxylethyl}-N-methyl-L-
valyl-N-[(3R,4S,5S)-1-{(2S)-2-[(1R,2R)-3-{[(2S)-1Rsin0-3-(1H-indol-3-yl)-1-oxopropan-2-
yllamino}-1-methoxy-2-methyl-3-oxopropyl]pyrrolidit-yl}-3-methoxy-5-methyl-1-oxoheptan-4-
yl]-N-methyl-L-valinamide

bppeoe wNQI( ﬁiﬁ{/‘w e

10 mg (10 umol) of Intermediate 168 were dissolive8 ml of DMF and admixed with 3.5 mg (30
mmol) of 1-hydroxypyrrolidine-2,5-dione and then thvi 2.4 mg (10 pmol) of 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochitte and 5 pl of N,N-diisopropylethylamine.
After stirring at RT for 20 h, 8 mg (0.02 mmol) [dATU were added and the reaction mixture was
stirred once again at RT overnight and then comatsd under reduced pressure. The remaining
residue was purified by means of preparative HPAffer lyophilization from dioxane, 8.6 mg

(64% of theory) of the title compound were obtained
HPLC (Method 12): Rt = 1.9 min;
LC-MS (Method 11): Rt = 0.81 min; MS (ESIpos): /4071 (M+H)+.

Intermediate 170

N-(6-aminohexyl)-N-methyl-L-valyl-N-[(3R,4S,5S)-3ethoxy-1-{(2S)-2-[(1R,2R)-1-methoxy-2-
methyl-3-{[(2S,3S)-1-(1,2-oxazinan-2-yl)-1-oxo-3gylbutan-2-ylJamino}-3-
oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxoheptan-4dyN-methyl-L-valinamide
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This compound was prepared in analogy to Intermtedi@1 over 2 stages, proceeding from 26 mg
(0.028 mmol) of Intermediate 15.

Yield: 16.7 mg (63% of theory over 2 stages)
HPLC (Method 12): R= 1.9 min;
LC-MS (Method 1): R= 0.81 min; MS (ESIpos): m/z = 914 (M+H)

Intermediate 171

N-(6-{[4-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-yl)buteoyllamino}hexyl)-N-methyl-L-valyl-N-
[(3R,4S,5S)-3-methoxy-1-{(2S)-2-[(1R,2R)-1-methaXymethyl-3-{[(2S,3S)-1-(1,2-0xazinan-2-
yl)-1-ox0-3-phenylbutan-2-yllamino}-3-oxopropyl]mgalidin-1-yl}-5-methyl-1-oxoheptan-4-yl]-N-
methyl-L-valinamide

6.7 mg (7.3 umol) of the compound formed from Intediate 170 and 3 mg (14.7 pmol) of
commercially available 4-(2,5-dioxo-2,5-dihydro-Jifrrol-1-yl)butanoic acid were taken up in 2
ml of DMF and admixed with 5.6 mg (14.7 pmol) G@F(7-azabenzotriazol-1-yi¥,N,N',N-
tetramethyluronium hexafluorophosphate (HATU) angil2of N,N-diisopropylethylamine. The
mixture was stirred at RT for 30 min. The reactioixture was concentrated and the residue was
purified by means of preparative HPLC. The corresling fractions were combined, the solvent
was removed under reduced pressure and then tdeeegas lyophilized from dioxane. Thus, 4.5
mg (56% of theory) of the title compound were oxgi.

HPLC (Method 12): R= 2.0 min;
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LC-MS (Method 1): R= 1.12 min; MS (ESIpos): m/z = 1079 (M+H)

Intermediate 172

benzyl 2-{2-[2-(2-oxoethoxy)ethoxy]ethoxy}ethyl damate

H
O N
NN O H
T Y

@)

The title compound was prepared from commerciallyvailable 2-{2-[2-(2-
aminoethoxy)ethoxylethoxy}ethanol under standardhditions, by first introducing the Z

protecting group and then oxidizing with sulphuimxrde-pyridine complex.
HPLC (Method 12): R= 1.4 min;
LC-MS (Method 11): R= 0.65 min; MS (ESIpos): m/z = 326 (M+H)

Intermediate 173

benzyl {2-[2-(2-oxoethoxy)ethoxy]ethyl carbamate

0
H
OYN\/\O/\/O\)kH

O

The title compound was prepared analogously tarmdiate 172 from commercially available 2-
[2-(2-aminoethoxy)ethoxy]ethanol under standardditions, by first introducing the Z protecting
group and then oxidizing with sulphur trioxide-glirie complex.

HPLC (Method 12): R= 1.3 min;
LC-MS (Method 11): R= 0.68 min; MS (ESIpos): m/z = 282 (M+H)

Intermediate 174

N-(2-{2-[2-(2-aminoethoxy)ethoxy]ethoxy}ethyl)-N-nieyl-L-valyl-N-[(3R,4S,5S)-3-methoxy-1-
{(29)-2-[(1R,2R)-1-methoxy-2-methyl-3-{[(1S,2R)-1-2-oxazinan-2-ylcarbonyl)-2-phenyl
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cyclopropyl]lamino}-3-oxopropyl]pyrrolidin-1-yl}-5-rethyl-1-oxoheptan-4-yl]-N-methyI-L -

valinamide

()

o]

e

H,C CH, OH3C CH, | N

H\)]\ N \\\\\K
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CH, O CH, O__ O H.C” H

47 mg (0.05 mmol) of Intermediate 16 were redutyieminated in analogy to the preparation of

C

Intermediate 167 with benzyl 2-{2-[2-(2-oxoethoxif)exy]ethoxy}ethyl carbamate in the
presence of borane-pyridine complex. Subsequetity,Z protecting group was removed by
hydrogenolytic means with 5% palladium on charamh catalyst and in methanol as a solvent,

and 38 mg (66% of theory over 2 stages) of the tdimpound were prepared.
HPLC (Method 5): R= 1.7 min;
LC-MS (Method 1): R= 0.8 min; MS (ESIpos): m/z = 988 (M+H)

Intermediate 175

N-[2-(2-{2-[2-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-yethoxy]ethoxy}ethoxy)ethyl]-N-methyl-L-
valyl-N-[(3R,4S,5S)-3-methoxy-1-{(2S)-2-[(1R,2R)rhethoxy-2-methyl-3-{[(1S,2R)-1-(1,2-
oxazinan-2-ylcarbonyl)-2-phenylcyclopropyllaminojeXopropyl]pyrrolidin-1-yl}-5-methyl-1-

oxoheptan-4-yl]-N-methyl-L-valinamide

The preparation was effected in analogy zu Intefatedl66, proceeding from 34 mg (0.03 mmol)

of Intermediate 174.
Yield: 8.3 mg (23% of theory)

HPLC (Method 5): R= 1.9 min;
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LC-MS (Method 1): R= 0.97 min; MS (ESIpos): m/z = 1068 (M+H)

Intermediate 176

N-(2-{2-[2-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-yl)&bxy]ethoxy}ethyl)-N-methyl-L-valyl-N-
[(BR,4S,5S5)-1-{(2S)-2-[(1R,2R)-3-{[(2S)-1-amino-3#-indol-3-yl)-1-oxopropan-2-yllamino}-1-
5 methoxy-2-methyl-3-oxopropyl]pyrrolidin-1-yl}-3-mbbxy-5-methyl-1-oxoheptan-4-yl]-N-methyl-

L-valinamide
CH,
" Oy e o M
AL Sy
N\/\O/\/O\/\N N . N o
o C|:H o) : <|:H ¢} o HC/O © )
* We” DcH, ° CHy  ° |

N
H

The preparation was effected in analogy to Inteiated 174 and 175, commencing with the
reductive amination of Intermediate 16 with Intedisge 173, subsequent deprotection and

10 formation of the maleimide.
HPLC (Method 12): R= 1.8 min;
LC-MS (Method 11): R= 0.8 min; MS (ESIpos): m/z = 981 (M+H)

Intermediate 177

N-[2-(2-{2-[2-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-yethoxy]ethoxy}ethoxy)ethyl]-N-methyl-L-

15 valyl-N-[(3R,4S,5S)-1-{(2S)-2-[(1R,2R)-3-{[(2S)-1rain0-3-(1H-indol-3-yl)-1-oxopropan-2-
yllamino}-1-methoxy-2-methyl-3-oxopropyl]pyrrolidit-yl}-3-methoxy-5-methyl-1-oxoheptan-4-
yl]-N-methyl-L-valinamide

3
H,C CH H,C CH NH
o 3 3H o’ 3 H\/gz
N

N NSO SN SO N\:)J\N H 0

| H | 0 0 S
CH, O = CH, O O H.C™ =

o 3 H3C/\CH3 3 \CH3 3 NH

The preparation was effected in analogy to Inteiated 174 and 175, commencing with the
20 reductive amination of Intermediate 16 with Intediage 172, subsequent deprotection and

formation of the maleimide.
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HPLC (Method 12): R= 1.9 min;
LC-MS (Method 1): R= 0.86 min; MS (ESlpos): m/z = 1025 (M+H)

Intermediate 178

N-{4-[(2,5-dioxopyrrolidin-1-yl)oxy]-4-oxobutyl}-Nmethyl-L-valyl-N-[(3R,4S,5S)-1-{(2S)-2-
[(AR,2R)-3-{[(2S)-1-amino-3-(1H-indol-3-yl)-1-oxoppan-2-ylJamino}-1-methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]-N-methyl-L-valinamide

CH NH
3 H\/&2
N
N = O
(0] (0]
“CH, 7

CH,
o H,C CH, OSC
SN
O
&[ TN LY
o CH, O CH, O__ O
o ’ H,C H, ’ cH

H

/\C ,

The preparation was effected in analogy to Inteiated 162, proceeding from 6 mg of

Intermediate 82.
LC-MS (Method 1): R= 0.82 min; MS (ESIpos): m/z = 953 (M+H)

Intermediate 179

4-[(1E,3S)-3-amino-4-phenylbut-1-en-1-yl]benzenpbkohic acid trifluoroacetate

A mixture of 13.6 mg (0.06 mmol) of palladium(liyetate, 469 mg (1.46 mmol) of potassium 4-
iodobenzenesulphonate, 300 mg (1.21 mmol) of ($kigtyl 1-phenylbut-3-en-2-yl carbamate,
16.5 mg (0.12 mmol) of phenylurea and 167.6 mgl(in?nol) of potassium carbonate in 7.5 ml of
DMF was heated to 160°C in a microwave for 15 niihe crude product was subsequently
purified directly by preparative HPLC. This gave23ing of a mixture of 31% of the BOC-

protected compound and 69% of the free amine.

This mixture was subsequently taken up in 30 mdichloromethane, admixed with 1 ml of

trifluoroacetic acid and stirred at RT for 20 h.te&kf concentrating under reduced pressure, the
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residue was stirred with diethyl ether, and thecipitate formed was filtered off with suction and

washed with diethyl ether. This gave 200 mg (62%hebry) of the title compound.
LC-MS (Method 11): R= 0.44 min; MS (ESlpos): m/z = 304 (M+H)

| ntermediate 180

4-[(3R)-3-amino-4-phenylbutyl]benzenesulphonic acid

O

| > OH
o)
x CF,COOH
NH,

100 mg (0.25 mmol) of 4-[(1E,3S)-3-amino-4-phenyhten-1-yllbenzenesulphonic acid

=

trifluoroacetate were suspended in 10 ml of acatd and a few drops of DMF and water,
admixed with 70 mg (0.07 mmol) of palladium on duwal (10%) and hydrogenated at hydrogen
pressure 2.2 bar for 24 h. The solution was fitteaed the filtrate purified by prep. HPLC.

29 mg (76% purity, 21% of theory) of product weteained.
LC-MS (Method 1): R= 0.46 min; MS (ESIpos): m/z = 306 (M+H)

Intermediate 181

N-(tert-butoxycarbonyl)-N-methyl-L-valyl-N-[(3R,45S)-3-methoxy-1-{(2S)-2-[(1R,2R)-1-
methoxy-2-methyl-3-0x0-3-{[(2S,3E)-1-phenyl-4-(4ksbiophenyl)but-3-en-2-
ylJamino}propyl]pyrrolidin-1-yl}-5-methyl-1-oxohe@n-4-yl]-N-methyl-L-valinamide

H,C.__-CH H,C CH
CH3 o 3 3 0 3 3 H
H3C>L )J\ H\)L
N N
H.C (@] N Y N

“T0
OH
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To a solution of 90 mg (0.13 mmol) of N-(tert-buyoarbonyl)-N-methyl-L-valyl-N-[(3R,4S,5S)-
1-{(2S)-2-[(1R,2R)-2-carboxy-1-methoxypropyl]pyridin-1-yl}-3-methoxy-5-methyl-1-
oxoheptan-4-yl]-N-methyl-L-valinamide in 4 ml of DiMwere added 60 mg (0.16 mmol) of HATU
and 69 pl of (0.39 mmol) Hinig's base. The reaatiixture was stirred at RT for 30 min and then
admixed with 60 mg (0.15 mmol) 60.3 mg (0.13 mnudl}t-[(1E,3S)-3-amino-4-phenylbut-1-en-1-
yllbenzenesulphonic acid trifluoroacetate. Afteirrgtg overnight, the reaction mixture was
purified by prep. HPLC. This gave 127 mg of a 44mi&ture of the title compound and of the

already deprotected amine.

LC-MS (Method 1): R= 1.21 min; MS (ESlIpos): m/z = 971 (M+H)R, = 0.84 min; MS
(ESlpos): m/z = 871 (M+H)for the deprotected compound.

Intermediate 182

N-methyl-L-valyl-N-[(3R,4S,5S)-3-methoxy-1-{(2S){#1R,2R)-1-methoxy-2-methyl-3-oxo-3-
{[(2S,3E)-1-phenyl-4-(4-sulphophenyl)but-3-en-2arjino}propyl]pyrrolidin-1-yl}-5-methyl-1-
oxoheptan-4-yl]-N-methyl-L-valinamide trifluoroacee

H.C CH H.C CH
3 3 0 3 3 H
H
N\)k N
HN x
I H I OL._..0 N

CH, O CH, O_ O CH,
3 H3C/\CH3 3 \CH3
CF,COOH x l
10
OH

90 mg of Intermediate 180 were dissolved in 4.6 aghldichloromethane, and 0.92 ml of
trifluoroacetic acid was added. The reaction mitwvas stirred at RT for 30 min and then

concentrated. The crude product obtained was pdrby prep. HPLC.
91 mg (98% of theory) of the target compound wéraioed.

LC-MS (Method 1): R= 0.85 min; MS (ESIpos): m/z = 871 (M+H)
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Intermediate 183

N-(3-carboxypropyl)-N-methyl-L-valyl-N-[(3R,4S,53+-methoxy-1-{(2S)-2-[(1R,2R)-1-methoxy-
2-methyl-3-0x0-3-{[(2S,3E)-1-phenyl-4-(4-sulphoplybut-3-en-2-ylJamino}propyl]pyrrolidin-1-
yl}-5-methyl-1-oxoheptan-4-yl]-N-methyl-L-valinaméd

e J&NM

CHSO /:\

16.7 pl (0.03 mmol) of a 15% aqueous succinaldelspiigion were initially charged in 943 ul of
methanol and admixed with 17 mg (0.02 mmol) of NégeL-valyl-N-[(3R,4S,5S)-3-methoxy-1-
{(29)-2-[(1R,2R)-1-methoxy-2-methyl-3-0x0-3-{[(2FE3-1-phenyl-4-(4-sulphophenyl)but-3-en-2-
yllamino}propyl]pyrrolidin-1-yI}-5-methyl-1-oxohemn-4-yl]-N-methyl-L-valinamide
trifluoroacetate (Intermediate 181) and 1.1 pl 200@mol) of acetic acid. The reaction mixture was
stirred for 5 min at RT and then 2.9 pl (0.02 mnaflporane-pyridine complex were added. After
1 h, a further 2 equivalents each of succinaldehgdetic acid and borane-pyridine complex were
added and the mixture was stirred at RT for 20He fieaction mixture was then purified by prep.
HPLC.

This gave 20 mg (83% purity, 80% of theory) of title compound.
LC-MS (Method 1): R= 0.87 min; MS (ESIpos): m/z = 957 (M+H)

Intermediate 184

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-yl)heanoyl]hydrazino}-4-oxobutyl)-N-methyl-L-
valyl-N-[(3R,4S,5S)-3-methoxy-1-{(2S)-2-[(1R,2R)#hethoxy-2-methyl-3-ox0-3-{[(2S,3E)-1-
phenyl-4-(4-sulphophenyl)but-3-en-2-yllamino}profpsrrolidin-1-yl}-5-methyl-1-oxoheptan-4-
yl]-N-methyl-L-valinamide
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qut WI(QLNrKY

/\CHOO

_OH
0”0
8 mg (7.5 pumol) of N-(3-carboxypropyl)-N-methyl-lalyl-N-[(3R,4S,5S)-3-methoxy-1-{(2S)-2-
[(1R,2R)-1-methoxy-2-methyl-3-0x0-3-{[(2S,3E)-1-pha-4-(4-sulphophenyl)but-3-en-2-
yllamino}propyl]pyrrolidin-1-yI}-5-methyl-1-oxohemn-4-yl]-N-methyl-L-valinamide, 2.8 mg (8.2
pmol) of 6-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)kanehydrazide trifluoroacetate, 3.4 mg (9
pmol) of HATU and 3.9 pl of Hiinig's base were siirrin 0.77 ml of DMF at RT for 20 h.

Subsequently, the reaction mixture was purifieghtp. HPLC.
3 mg (31% of theory) of the title compound wereadrd.
LC-MS (Method 1): R= 0.90 min; MS (ESIpos): m/z = 1164 (M+H)

| ntermediate 185

N-{4-[(2,5-dioxopyrrolidin-1-yl)oxy]-4-oxobutyl}-Nmethyl-L-valyl-N-[(3R,4S,5S)-3-methoxy-1-
{(2S)-2-[(1R,2R)-1-methoxy-2-methyl-3-0x0-3-{[(2F3-1-phenyl-4-(4-sulphophenyl)but-3-en-2-
ylJamino}propyl]pyrrolidin-1-yl}-5-methyl-1-oxohe@n-4-yl]-N-methyl-L-valinamide

To a solution of 8 mg (7.5 pmol) of N-(3-carboxypyd-N-methyl-L-valyl-N-[(3R,4S,5S)-3-
methoxy-1-{(2S)-2-[(1R,2R)-1-methoxy-2-methyl-3-686{[(2S,3E)-1-phenyl-4-(4-
sulphophenyl)but-3-en-2-yllamino}propyl]pyrrolidit-yl}-5-methyl-1-oxoheptan-4-yl]-N-methyl-
L-valinamide in 2 ml of DMF were added 8.6 mg (74udol) of N-hydroxysuccinimide, 8.5 mg
(22.4 pmol) of EDCI and 0.1 mg (0.75 pumol) of DMAFhe reaction mixture was stirred at RT
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for 20 h. Subsequently, 1.3 pl (7.5 pmol) of Himighse were added and the mixture was stirred
for 1 h. The reaction mixture was then purified fep. HPLC. 2.6 mg (72% purity, 21% of

theory) of the title compound were obtained.
LC-MS (Method 1): R= 0.89 min; MS (ESIpos): m/z = 1054 (M+H)

| ntermediate 186

N-(tert-butoxycarbonyl)-N-methyl-L-valyl-N-[(3R,45S)-3-methoxy-1-{(2S)-2-[(1R,2R)-1-
methoxy-2-methyl-3-0x0-3-{[(2R)-1-phenyl-4-(4-suipphenyl)butan-2-
ylJamino}propyl]pyrrolidin-1-yl}-5-methyl-1-oxohe@n-4-yl]-N-methyl-L-valinamide

oh, O
H,C._ _CH H,C CH
CH, O° : 0° *H
H3C§\ JJ\ H\)k
N N
H,c” ~07 N x N
s I I O<~, 0

0“0
OH

To a solution of 43 mg (0.06 mmol) of N-(tert-buyoarbonyl)-N-methyl-L-valyl-N-[(3R,4S,5S)-
1-{(2S)-2-[(1R,2R)-2-carboxy-1-methoxypropyl]pyridin-1-yl}-3-methoxy-5-methyl-1-
oxoheptan-4-yl]-N-methyl-L-valinamide in 1.9 ml &@MF were added 29 mg (0.07 mmol) of
HATU and 33 pl (0.19 mmol) of Hiinig's base. Thectiean mixture was stirred at RT for 30 min
and then admixed with 29 mg (0.07 mmol) of 4-[(FRAmino-4-phenylbutyl]lbenzenesulphonic
acid trifluoroacetate. After stirring overnight,etlieaction mixture was purified by prep. HPLC.

This gave 58 mg of a 45:55 mixture of the title pmund and of the already deprotected amine.

LC-MS (Method 1): R= 1.09 min; MS (ESIpos): m/z = 973 (M+H)R, = 0.87 min; MS
(ESlpos): m/z = 873 (M+H)for the deprotected compound.

Intermediate 187

N-methyl-L-valyl-N-[(3R,4S,5S)-3-methoxy-1-{(2S){21R,2R)-1-methoxy-2-methyl-3-0x0-3-
{[(2R)-1-phenyl-4-(4-sulphophenyl)butan-2-yllamirmppyl]pyrrolidin-1-yl}-5-methyl-1-

oxoheptan-4-yl]-N-methyl-L-valinamide trifluoroacee
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H.C_ _CH H.C CH
3 3 O 3 3 H
CF,COOHX 4y N
l 0 : lCH o. O Ocn0
CH 3
3 H3C/\CH3 3 \CH3

SN
o 1>o
OH

58 mg of Intermediate 186 were dissolved in 4.bfdichloromethane, 0.41 ml of trifluoroacetic
acid was added and the mixture was stirred at RB@amin. After concentration under reduced

pressure, the crude product was purified by pré&l.El
50 mg (90% purity, 85% of theory) of the title comomd were obtained.
LC-MS (Method 1): R= 0.87 min; MS (ESIpos): m/z = 873 (M+H)

|ntermediate 188

N-(3-carboxypropyl)-N-methyl-L-valyl-N-[(3R,4S,53Hmethoxy-1-{(2S)-2-[(1R,2R)-1-methoxy-
2-methyl-3-o0x0-3-{[(2R)-1-phenyl-4-(4-sulphophenylitan-2-yllJamino}propyl]pyrrolidin-1-yl}-5-
methyl-1-oxoheptan-4-yl]-N-methyl-L-valinamide

o“ o
OH
171 pl (0.26 mmol) of a 15% aqueous succinaldetspdigtion were initially charged in 2.5 ml of
methanol and admixed with 50 mg (0.05 mmol) of NégeL-valyl-N-[(3R,4S,5S)-3-methoxy-1-
{(2S)-2-[(1R,2R)-1-methoxy-2-methyl-3-ox0-3-{[(2R)}phenyl-4-(4-sulphophenyl)butan-2-
ylJamino}propyl]pyrrolidin-1-yl}-5-methyl-1-oxohe@n-4-yl]-N-methyl-L-valinamide

trifluoroacetate and 11.6 pul (0.2 mmol) of acetimaThe reaction mixture was stirred for 5 min at
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RT and then 30 pl (0.24 mmol) of borane-pyridinenptex were added. After stirring for 24
hours, a further equivalent of borane-pyridine claxpvas added and the mixture was stirred for a

further 2 h. The reaction mixture was then purifigdprep. HPLC.
40 mg (90% purity, 66% of theory) of the title commd were obtained.
LC-MS (Method 1): R= 0.91 min; MS (ESIpos): m/z = 959 (M+H)

| ntermediate 189

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-yl)heanoyl]hydrazino}-4-oxobutyl)-N-methyl-L-
valyl-N-[(3R,4S,5S)-3-methoxy-1-{(2S)-2-[(1R,2R)rhethoxy-2-methyl-3-ox0-3-{[(2R)-1-
phenyl-4-(4-sulphophenyl)butan-2-yllamino}propylhpglidin-1-yl}-5-methyl-1-oxoheptan-4-yl]-

N-methyl-L-valinamide

CH,
0]
H.C_ _CH H.C CH g
/ O 3 3 0 3 3 H
N\/\/\)J\ H H\)J\ N
N/ W\N ¢
o "o i, 8 A bu 6. o O enP
N 3
* HeT TcH, ° e,

_OH
0”0

10 mg (9.3 umol) of N-(3-carboxypropyl)-N-methyalyl-N-[(3R,4S,5S)-3-methoxy-1-{(2S)-2-
[(1R,2R)-1-methoxy-2-methyl-3-0x0-3-{[(2R)-1-pher}(4-sulphophenyl)butan-2-
yllamino}propyl]pyrrolidin-1-yl}-5-methyl-1-oxohemn-4-yl]-N-methyl-L-valinamide, 3.5 mg
(10.3 pmol) of 6-(2,5-dioxo-2,5-dihydro-1H-pyrroiyl)hexanehydrazide trifluoroacetate, 4.3 mg
(11.2 pmol) of HATU and 4.9 pl (28 umol) of Hiiniyase were stirred in 1 ml of DMF at RT for
20 h. Subsequently, the reaction mixture was mdiby prep. HPLC.

4.2 mg (92% purity, 33% of theory) of the title goound were obtained.
LC-MS (Method 1): R= 0.91 min; MS (ESIpos): m/z = 1166 (M+H)

| ntermediate 190

N-{4-[(2,5-dioxopyrrolidin-1-yl)oxy]-4-oxobutyl}-Nmethyl-L-valyl-N-[(3R,4S,5S)-3-methoxy-1-
{(2S)-2-[(1R,2R)-1-methoxy-2-methyl-3-ox0-3-{[(2R)}phenyl-4-(4-sulphophenyl)butan-2-
ylJamino}propyl]pyrrolidin-1-yl}-5-methyl-1-oxohe@n-4-yl]-N-methyl-L-valinamide
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5 H,C__CH, JERS CH, ’
H
N/OWN N ! N
0 é : l Ocn0
o)

H3 (@) P CH3 O\ (e} CH3

o//Z;\o
To a solution of 10 mg (9.3 pumol) of N-(3-carboxypyl)-N-methyl-L-valyl-N-[(3R,4S,5S)-3-
methoxy-1-{(2S)-2-[(1R,2R)-1-methoxy-2-methyl-3-686{[(2R)-1-phenyl-4-(4-
sulphophenyl)butan-2-yllamino}propyl]pyrrolidin-1}y5-methyl-1-oxoheptan-4-yl]-N-methyl-L-
valinamide in 2.5 ml of DMF were added 10.7 mg (880l) of N-hydroxysuccinimide, 10.6 mg
(28 pumol) of EDCI and 0.12 mg (0.9 pmol) of DMAFh€eTreaction mixture was stirred at RT for
20 h and then purified by prep. HPLC.

3.8 mg (72% purity, 25% of theory) of the title qoound were obtained.
LC-MS (Method 1): R= 0.90 min; MS (ESIpos): m/z = 1055 (M+H)

Intermediate 191

(2R,3R)-N-[(29)-3-(1H-indol-3-yl)-1-(1,2-oxazinan-2-yl)-1-oxopropan-2ha-methoxy-2-methyl-
3-[(29-pyrrolidin-2-yllpropanamide trifluoroacetate

CF,COOHx N

The title compound was prepared in analogy to hehesis of Intermediate 7 over two stages
from Starting Compound 1 andS)22-amino-3-(H-indol-3-yl)-1-(1,2-oxazinan-2-yl)propan-1-one

trifluoroacetate (Intermediate 99).

Yield over 2 stages: 62 mg (67% of theory)
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HPLC (Method 6): R= 1.65 min;
LC-MS (Method 1): R= 0.7 min; MS (ESIpos): m/z = 443 (M+H)

Intermediate 192

N-methyl-L-valyl-N-[(3R,4S,5S)-1-{(2S)-2-[(1R,2R)-f(2S)-3-(1H-indol-3-yl)-1-(1,2-0xazinan-
2-yl)-1-oxopropan-2-ylJamino}-1-methoxy-2-methyleopropyl]pyrrolidin-1-yl}-3-methoxy-5-

.

methyl-1-oxoheptan-4-yl]-N-methyl-L-valinamide

CH,
H,C.__-CH H,C CH
N\)k N
HN x N
I I _0 o]
CH, O CH, O(., 0 HC
H,C 3 CH,

CH

N
H

1015 mg (1.59 mmol) oN-[(9H-fluoren-9-yImethoxy)carbonylN-methyl-L-valyl-N-[(2R,3S4S)-

1-carboxy-2-methoxy-4-methylhexan-3-WHmethyl-L-valinamide (Intermediate 4) were taken up
in 50 ml of DMF, admixed with 654 mg (2.39 mmol) d&-bromo-1-ethylpyridinium
tetrafluoroborate (BEP) and 2.8 ml NfN-diisopropylethylamine, and stirred at RT for 10nmi
Then 1083 mg (1.75 mmol) of RBR)-N-[(29-3-(1H-indol-3-yl)-1-(1,2-0xazinan-2-yl)-1-
oxopropan-2-yl]-3-methoxy-2-methyl-3-[E-pyrrolidin-2-yl]propanamide trifluoroacetate
(Intermediate 191) were added and then the mixt@®treated in an ultrasound bath at RT for 30
min. The reaction mixture was then concentrateceuneiduced pressure and the residue was taken
up in 300 ml of ethyl acetate. The organic phase washed successively with 5% aqueous citric
acid solution and 5% aqueous sodium hydrogencateosalution, dried over magnesium
sulphate, filtered and concentrated. The crude ymbthus obtained (1684 mg), without further
purification, was taken up in 20 ml of acetonitriBeml of piperidine were added and the reaction
mixture was then stirred at RT for 10 min. Then thixture was concentrated under reduced
pressure and the residue was admixed with diethyére The solvent was concentrated by
evaporation again and the residue was purified laghf chromatography on silica gel (eluent:
15:1:0.1 -> 15:2:0.2 dichloromethane/methanol/17%ueaus ammonia solution). The
corresponding fractions were combined, the solveag removed under reduced pressure and the
residue was lyophilized from acetonitrile/water.ush895 mg (67% over 2 stages) of the title

compound were obtained.

HPLC (Method 12): R= 1.8 min;
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LC-MS (Method 1): R= 0.84 min; MS (ESIpos): m/z = 840 (M+H)

'H NMR (500 MHz, DMSO-g): 8 = 10.8 (d, 1H), 8.3 and 8.05 (2d, 1H), 8.0 (d, 1H5 (m, 1H),
7.3 (m, 1H), 7.15 and 7.08 (2s, 1H) 7.05-6.9 (m), B2 and 4.95 (2m, 1H), 4.65 (m, 1H), 4.55
(m, 1H), 4.1-3.8 (m, 4H), 3.75 (d, 1H), 3.23, 3.887, 3.12, 2.95 and 2.88 (6s, 9H), 3.1-3.0 and
2.85 (2m, 2H), 2.65 (d, 1H), 2.4-2.2 (m, 3H), 2(&§ 3H), 1.95 (br. m, 2H), 1.85-0.8 (br. m, 11H),
1.08 and 1.04 (2d, 3H), 0.9-0.75 (m, 15H), 0.7%Qdd, 3H) [further signals hidden undesCH
peak].

Intermediate 193

N-(3-carboxypropyl)-N-methyl-L-valyl-N-[(3R,4S,53H{(2S)-2-[(1R,2R)-3-{[(2S)-3-(1H-indol-3-
yI)-1-(1,2-oxazinan-2-yl)-1-oxopropan-2-yllaminophethoxy-2-methyl-3-oxopropyl]pyrrolidin-

50 mg (0.052 mmol) of N-methyl-L-valyl-N-[(3R,4S,bp%-{(2S)-2-[(1R,2R)-3-{[(2S)-3-(1H-
indol-3-yl)-1-(1,2-oxazinan-2-yl)-1-oxopropan-2-gthino}-1-methoxy-2-methyl-3-

1-yl}-3-methoxy-5-methyl-1-oxoheptan-4-yl]-N-methiytvalinamide

CH,
H,C~__-CH, OHSC CH, H
H N
HO N\/U\ N
T(\/\N . N
I : I _0 o
o} CH, O CH, OL_ O HC
H.C CH,

>....

3
CH,

oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]-N-methyl-L-valinamide
(Intermediate 192) and 204 pul einer of a 15% agsiesnlution of 4-oxobutanoic acid were
combined in 2 ml of methanol and admixed with 2&g (0.252 mmol) of borane-pyridine
complex and 6 pl of acetic acid. The reaction mixtwas stirred at RT overnight. This was
followed by concentration under reduced pressung, the residue was purified by means of
preparative HPLC. After concentration of the copmwding fractions, 38 mg (78% of theory) of

the title compound were obtained.
HPLC (Method 5): R= 1.7 min;
LC-MS (Method 9): R= 4.7 min; MS (ESIpos): m/z = 926 (M+H)

Intermediate 194

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-yl)he@anoyllhydrazino}-4-oxobutyl)-N-methyl-L-
valyl-N-[(3R,4S,5S)-1-{(2S)-2-[(1R,2R)-3-{[(2S)-3H-indol-3-yl)-1-(1,2-0xazinan-2-yl)-1-
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oxopropan-2-yllJamino}-1-methoxy-2-methyl-3-oxoprdlpyrrolidin-1-yl}-3-methoxy-5-methyl-1-

oxoheptan-4-yl]-N-methyl-L-valinamide

o) Q
H,C_-CH, H,C CH, Nig
7 0 0 H
N\/\/\)J\ N H\)J\ §
N N N v~ o
N W\N Y H
© S cI:H o (I: ne® S
3 AN 3 =
H,C~ TCH, N

CH,
Hy O<g,,©O
3

This compound was prepared in analogy to the sgiglteescribed in Intermediate 157 from 10 mg
(11 pmol) of N-(3-carboxypropyl)-N-methyl-L-valylHN3R,4S,5S)-1-{(2S)-2-[(1R,2R)-3-{[(2S)-
3-(1H-indol-3-yl)-1-(1,2-oxazinan-2-yl)-1-oxoprop&aylJamino}-1-methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]-N-methyl-L-valinamide  and
commercially available 6-(2,5-dioxo-2,5-dihydro-Jiflerol-1-yl)hexanehydrazide.

Yield: 4.4 mg (35% of theory)
HPLC (Method 5): R= 1.8 min;
LC-MS (Method 1): R= 0.90 min; MS (ESlpos): m/z = 1133 (M+H)

Intermediate 195

N-[6-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-yl)hexyl]-Mnethyl-L-valyl-N-[(3R,4S,5S)-3-methoxy-1-
{(29)-2-[(1R,2R)-1-methoxy-2-methyl-3-{[(2S,3S)-1;@-0xazinan-2-yl)-1-oxo-3-phenylbutan-2-
yllamino}-3-oxopropyl]pyrrolidin-1-yl}-5-methyl-1-aoheptan-4-yl]-N-methyl-L-valinamide

This compound was prepared in analogy to Interniedié6, proceeding from 9 mg (0.010 mmol)

of Intermediate 170.
Yield: 1.1 mg (10% of theory)

HPLC (Method 12): R= 2.0 min;
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LC-MS (Method 1): R= 0.99 min; MS (ESIpos): m/z = 994 (M+H)

Intermediate 196

(29-2-amino-1-(2-oxa-3-azabicyclo[2.2.2]oct-5-en-3-§tphenylpropan-1-one trifluoroacetate

O
/

N

CF,COOH x HZN\/&O

41 mg (0.37 mmol) of 2,5-dioxopyrrolidin-1-Wi-(tert-butoxycarbonyl)-L-phenylalaninate were
taken up in 10 ml of DMF and admixed with 149 mgt{Ommol) of 2-oxa-3-azabicyclo[2.2.2]oct-
5-ene (Starting Compound 6) and 72 pl (0.41 mmbIN M-diisopropylethylamine. The mixture
was stirred at RT for 1 h. The solvent was remoweder reduced pressure, and the residue was
taken up in ethyl acetate and extracted by shakitiy 5% aqueous citric acid solution and then
with 5% aqueous sodium hydrogencarbonate solufiba.organic phase was concentrated and the
residue was purified by flash chromatography oieaigel with 10:1 toluene/ethanol as the eluent.
The corresponding fractions were combined and eheest was removed under reduced pressure.
After the residue had been dried under high vacliinmg (47% of theory) of the Boc-protected
intermediatetert-butyl (29-1-(2-oxa-3-azabicyclo[2.2.2]oct-5-en-3-yl)-1-08ephenylpropan-2-yl

carbamate were thus obtained as a diastereomeurgixt
LC-MS (Method 1): R= 1.1 min; MS (ESIpos): m/z = 359 (M+H)

64 mg (0.18 mmol) of this intermediate were takgnim 10 ml of dichloromethane, 1 ml of
trifluoroacetic acid was added, and the mixture stased at RT for 30 min. This was followed by
concentration under reduced pressure and lyoptidizaof the remaining residue from

water/dioxane. In this way, 66 mg (quant.) of tle tompound were obtained as a foam.
HPLC (Method 6): R= 1.45 min;

LC-MS (Method 3): R= 1.12 min; MS (ESIpos): m/z = 259 (M+H)
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Intermediate 197

(2R,3R)-3-methoxy-2-methyN-[(29)-1-(2-0xa-3-azabicyclo[2.2.2]oct-5-en-3-yl)-1-0%e-
phenylpropan-2-yl]-3-[(3)-pyrrolidin-2-yl]propanamide trifluoroacetate

CF,COOH x

Ir=z
w
ZT
1
o

First, (R,3R)-3-[(29-1-(tert-butoxycarbonyl)pyrrolidin-2-yl]-3-methoxy-2-mettpropanoic acid
(Starting Compound 1) was released from 83 mg (@h&l) of its dicyclohexylamine salt by
taking it up in ethyl acetate and extractive shgkinth 5% aqueous potassium hydrogensulphate
solution. The organic phase was dried over magnesiulphate, filtered and concentrated. The
residue was taken up in 10 ml of DMF and admixeztsssively with 66 mg (0.18 mmol) ofgR2
2-amino-1-(2-oxa-3-azabicyclo[2.2.2]oct-5-en-3-$tphenylpropan-1-one trifluoroacetate
(Intermediate  196), 101 mg (0.266 mmol) o00-(7-azabenzotriazol-1-yIN,N,N',N-
tetramethyluronium hexafluorophosphate (HATU) andB Qul (0.53 mmol) of NN
diisopropylethylamine. The mixture was stirred at r 30 min. The reaction mixture was then
concentrated and the residue was purified by patparHPLC. This gave 52 mg (56% of theory)
of the Boc-protected intermediatert-butyl (25-2-[(1R,2R)-1-methoxy-2-methyl-3-{[(&)-1-(2-
oxa-3-azabicyclo[2.2.2]oct-5-en-3-yl)-1-0x0-3-phrgpan-2-yllamino}-3-

oxopropyl]pyrrolidine-1-carboxylate.
HPLC (Method 6): R=2.13 min;
LC-MS (Method 1): R= 1.13 min; MS (ESIpos): m/z = 528 (M+H)

52 mg (0.1 mmol) of this intermediate were takenimplO ml of dichloromethane, 1 ml of
trifluoroacetic acid was added, and the mixture stased at RT for 20 min. This was followed by
concentration under reduced pressure and stirfiigeoremaining residue with 20 ml of diethyl
ether. After 10 min, the mixture was filtered ahd filter residue was dried under high vacuum. In

this way, 39 mg (72% of theory) of the title compdwvere obtained.

HPLC (Method 6): R= 1.62 min;
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LC-MS (Method 1): R= 0.68 min; MS (ESIpos): m/z = 428 (M+H)

Intermediate 198

N-methyl-L-valylN-[(3R,4559)-3-methoxy-1-{(&)-2-[(1R,2R)-1-methoxy-2-methyl-3-{[(8)-1-(2-
oxa-3-azabicyclo[2.2.2]oct-5-en-3-yl)-1-0x0-3-phirgpan-2-ylJamino}-3-oxopropyl]pyrrolidin-

1-yl}-5-methyl-1-oxoheptan-4-yIN-methyl-L-valinamide trifluoroacetate

NI
Z\o
O

3 3

x CF,COOH

44.5 mg (0.071 mmol) oN-[(9H-fluoren-9-ylmethoxy)carbonylN-methyl-L-valyl-N-[(2R,3S4S)-
1-carboxy-2-methoxy-4-methylhexan-3-WHmethyl-L-valinamide (Intermediate 4) were taken up
in 10 ml of DMF and admixed successively with 381§ (0.071 mmol) of (R,3R)-3-methoxy-2-
methyl-N-[(29)-1-(2-oxa-3-azabicyclo[2.2.2]oct-5-en-3-yl)-1-08ephenylpropan-2-yl]-3-[ (-
pyrrolidin-2-yl]propanamide trifluoroacetate (Inteediate 197), 32.5 mg (0.086 mmol) ©f(7-
azabenzotriazol-1-yIN,N,N',N-tetramethyluronium hexafluorophosphate (HATU) anAd pl
(0.235 mmol) ofN,N-diisopropylethylamine. The mixture was stirredrat for 1 h. The reaction
mixture was then concentrated under reduced pressud the residue was taken up in ethyl
acetate. The organic phase was washed successiitkl$% aqueous citric acid solution and 5%
aqueous sodium hydrogencarbonate solution, drieer owagnesium sulphate, filtered and
concentrated. This gave 73 mg (98% of theory) & Emoc-protected intermediate-[(9H-
fluoren-9-ylmethoxy)carbonylN-methyl-L-valyl-N-[(3R,4S,55)-3-methoxy-1-{(5)-2-[(1R,2R)-1-
methoxy-2-methyl-3-{[($)-1-(2-oxa-3-azabicyclo[2.2.2]oct-5-en-3-yl)-1-08ephenylpropan-2-
ylJamino}-3-oxopropyl]pyrrolidin-1-yl}-5-methyl-1-aoheptan-4-yl|N-methyl-L-valinamide.

HPLC (Method 6): R=2.78 min;
LC-MS (Method 3): R= 2.96 min; MS (ESlpos): m/z = 1047 (M+H)

73 mg (0.071 mmol) of this intermediate were digedlin 5 ml of DMF. After 0.5 ml of
piperidine had been added, the reaction mixture stiaed at RT for 10 min. This was followed

by concentration under reduced pressure, and sidues was digested repeatedly with diethyl
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ether. After the diethyl ether had been decantédlod residue was purified by preparative HPLC
(eluent: acetonitrile / 0.1% ag. TFA). 16 mg (26%dheory) of the title compound were obtained
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as a foam.
HPLC (Method 6): R= 1.94 min;
LC-MS (Method 3): R= 1.71 min; MS (ESIpos): m/z = 825 (M+H)

'H NMR (400 MHz, DMSO-g): = 8.9-8.6 (m, 3H), 8.4, 8.3, 8.1 and 8.0 (4d, 1H}-7.1 (m,
5H), 6.7-6.5 (m, 2H), 5.2-4.8 (m, 3H), 4.75-4.55 @Hl), 4.05-3.95 (m, 1H), 3.7-3.4 (m, 4H), 3.22,
3.17, 3.15, 3.05, 3.02 and 2.95 (6s, 9H), 3.0 a@d2br. m, 2H), 2.46 (m, 3H), 2.4-1.2 (br. m,
13H), 1.1-0.85 (m, 18H), 0.75 (m, 3H) [further sidghidden under }D peak].

Intermediate 199

N-(4-{2-[6-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-yl)he&anoyllhydrazino}-4-oxobutyl)-N-methyl-L-
valyl-N-[(3R,4S,5S)-3-methoxy-1-{(2S)-2-[(1R,2R)#hethoxy-2-methyl-3-{[(2S)-1-(2-oxa-3-
azabicyclo[2.2.2]oct-5-en-3-yl)-1-0x0-3-phenylprogzylJamino}-3-oxopropyl]pyrrolidin-1-yl}-
5-methyl-1-oxoheptan-4-yl]-N-methyl-L-valinamide

The title compound was prepared in analogy to inggliates 193 and 194, proceeding from 23 mg
(24 pmol) of N-methyl-L-valyl-N-[(3R,4S,5S)-3-methp 1-{(2S)-2-[(1R,2R)-1-methoxy-2-
methyl-3-{[(2S)-1-(2-oxa-3-azabicyclo[2.2.2]oct-B-8-yl)-1-0x0-3-phenylpropan-2-ylJamino}-3-

oxopropyl]pyrrolidin-1-yl}-5-methyl-1-oxoheptan-4HyN-methyl-L-valinamide trifluoroacetate
(Intermediate 198).

HPLC (Method 12): Rt = 1.9 min;
LC-MS (Method 2): Rt = 2.1 min; MS (ESIpos): m/A£18 (M+H)+.

| ntermediate 200

N-[2-(2-{2-[2-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-yethoxy]ethoxy}ethoxy)ethyl]-N-methyl-L-
valyl-N-[(3R,4S,5S)-1-{(2S)-2-[(1R,2R)-3-{[(2S)-3tH-indol-3-yl)-1-(1,2-0xazinan-2-yl)-1-
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oxopropan-2-yllJamino}-1-methoxy-2-methyl-3-oxoprdlpyrrolidin-1-yl}-3-methoxy-5-methyl-1-

oxoheptan-4-yl]-N-methyl-L-valinamide

The preparation was effected in analogy to Inteiated 174 and 175, commencing with the
reductive alkylation of Intermediate 192 with Intexdiate 172, subsequent deprotection and

formation of the maleimide.
HPLC (Method 12): Rt = 1.9 min;
LC-MS (Method 1): Rt = 0.86 min; MS (ESIpos): m/4825 (M+H)+.

| ntermediate 201

N-{6-[(bromoacetyl)amino]hexyl}-N-methyl-L-valyl-N{3R,4S,5S)-1-{(2S)-2-[(1R,2R)-3-{[(2S)-
3-(1H-indol-3-yl)-1-(1,2-oxazinan-2-yl)-1-oxoprop&nyllamino}-1-methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]-N-methyl-L-valinamide

22 mg (0.023 mmol) of N-(6-aminohexyl)-N-methyl-ialyl-N-[(3R,4S,5S)-1-{(2S)-2-[(1R,2R)-3-
{[(2S)-3-(1H-indol-3-yl)-1-(1,2-0xazinan-2-yl)-1-@propan-2-yllamino}-1-methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]-N-methyl-L-valinamide
(Intermediate 101) were dissolved in 9.5 ml of TlHRd admixed at 0°C with 4.2 pl of
triethylamine. A solution of bromoacetyl chloride THF was added dropwise and the reaction
mixture was stirred at 0°C for 30 min. The reactioixture was concentrated and the residue was
purified by preparative HPLC. Thus, 6.9 mg (26%hafory) of the title compound were obtained

as a foam.
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HPLC (Method 5): R= 1.8 min;
LC-MS (Method 11): R= 0.9 min; MS (ESIpos): m/z = 1059 and 1061 (M*H)

Intermediate 202

N-{2-[2-(2-{3-[(2,5-dioxopyrrolidin-1-yl)oxy]-3-oxg@ropoxy}ethoxy)ethoxy]ethyl}-N-methyl-L-
valyl-N-[(3R,4S,5S)-1-{(2S)-2-[(1R,2R)-3-{[(2S)-3tH-indol-3-yl)-1-(1,2-0xazinan-2-yl)-1-
oxopropan-2-yllamino}-1-methoxy-2-methyl-3-oxoprdlpyrrolidin-1-yl}-3-methoxy-5-methyl-1-

oxoheptan-4-yl]-N-methyl-L-valinamide
(3
N
|

CH,
H.C_ _CH, Jic CcH,
H
} L L S0
&O\ﬂ/\/o\/\o/\/o\/\w NN
| H | ¢} (o]
¢} CH, O = CH, O le] “CH
o * hc” DcH, ©CH, 3
N
H

The preparation was at first effected in analogylritermediate 168, commencing with the
reductive alkylation of Intermediate 192 with Intexdiate 167 and subsequent hydrogenolytic
cleavage of the benzyl ester of N-(2-{2-[2-(2-canpethoxy)ethoxy]ethoxy}ethyl)-N-methyl-L-
valyl-N-[(3R,4S,55)-1-{(2S)-2-[(1R,2R)-3-{[(2S)-3H-indol-3-yl)-1-(1,2-0xazinan-2-yl)-1-
oxopropan-2-yllamino}-1-methoxy-2-methyl-3-oxoprdlpyrrolidin-1-yl}-3-methoxy-5-methyl-1-
oxoheptan-4-yl]-N-methyl-L-valinamide.

13 mg (10 pumol) of this intermediate were dissolired ml of DMF and admixed with 2.1 mg (20
mmol) of 1-hydroxypyrrolidine-2,5-dione, 6.5 pul dfN-diisopropylethylamine and 7.1 mg (0.02
mmol) of HATU. The reaction mixture was stirredRif overnight and then concentrated under
reduced pressure. The remaining residue was pirlfie means of preparative HPLC. After
lyophilization from acetonitrile/water, 9.2 mg (62% theory) of the title compound were

obtained.
HPLC (Method 12): R= 2.0 min;
LC-MS (Method 2): R= 2.1 min; MS (ESlpos): m/z = 1141 (M+H)

| ntermediate 203

tert-butyl 6-hydrazino-6-oxohexyl carbamate
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This compound was prepared by standard peptide istrgnmethods, by coupling of 6tt-
butoxycarbonyl)amino]hexanoic acid with benzyl rgzinecarboxylate in the presence of EDCI

and HOBT, and subsequent hydrogenolytic cleavageeobenzyloxycarbonyl protecting group.
LC-MS (Method 11): R= 0.59 min; MS (ESIpos): m/z = 246 (M+H)

| ntermediate 204

N-{4-[2-(6-aminohexanoyl)hydrazino]-4-oxobutyl}-N-athyl-L-valyl-N-[(3R,4S,5S)-1-{(2S)-2-
[(AR,2R)-3-{[(2S)-1-amino-3-(1H-indol-3-yl)-1-oxoppan-2-ylJamino}-1-methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]-N-methyl-L-valinamide
trifluoroacetate

CH,
o H.C CH, OH3C CH, NH,
H
HZN\/\/\)J\N/H NL(H\)J\ MN\E/&O
H W\I H I o_ O B
x CF,COOH 0 CH, OH3C/_\CH;:H3 O\CHSO CH, \

N

H
146 mg (50 pumol) of (N-(3-carboxypropyl)-N-methyvalyl-N-[(3R,4S,5S)-1-{(2S)-2-[(1R,2R)-
3-{[(2S)-1-amino-3-(1H-indol-3-yl)-1-oxopropan-2jgimino}-1-methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]-N-methyl-L-valinamide  were
dissolved in 5 ml of DMF and then admixed with 3én§ (80 pumol) of O-(7-azabenzotriazol-1-
yI)-N,N,N',N'-tetramethyluronium hexafluorophosphat9 pl of N,N-diisopropylethylamine and
with 22.4 mg (60 umol) afert-butyl 6-hydrazino-6-oxohexyl carbamate. The reactnixture was
stirred at RT for 1.5 h. This was followed by contration under high vacuum and purification of
the remaining residue by means of preparative HPLIus, 43 mg (68% of theory) of the
protected intermediate were obtained, which weea tiaken up in 10 ml of dichloromethane and
deprotected with 1 ml of trifluoroacetic acid. Theaction mixture was concentrated and the
residue was stirred with dichloromethane, and thigesit was removed again under reduced

pressure. Thus, 45 mg (68% of theory over 2 stagfable title compound were obtained.
HPLC (Method 12): R= 1.6 min;

LC-MS (Method 11): R= 0.66 min; MS (ESIpos): m/z = 983 (M+H)
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|ntermediate 205

N-(4-{2-[6-({[2-(2,5-diox0-2,5-dihydro-1H-pyrrol-)ethyllcarbamoyl}amino)hexanoyl]
hydrazino}-4-oxobutyl)-N-methyl-L-valyl-N-[(3R,4S%)-1-{(2S)-2-[(1R,2R)-3-{[(2S)-1-amino-3-
(1H-indol-3-yl)-1-oxopropan-2-ylJamino}-1-methoxyethyl-3-oxopropyl]pyrrolidin-1-yl}-3-
methoxy-5-methyl-1-oxoheptan-4-yl]-N-methyl-L-vadimide

CH,
H, O o
3 W2 \CH3

o H,C.__-CH, Och CH, \/I\QZ
o H
H H H H N
SN N\/\/\/U\ N IN/N\)J\ M N
N N N H N H
SO T Ly LD
o) H,C” TCH, ¢ |
N
H
This compound was prepared in analogy to Interntedid4, proceeding from Intermediates 50
and 204.
Yield: 4 mg (78% of theory)
HPLC (Method 12): R= 1.7 min;
LC-MS (Method 11): R= 0.73 min; MS (ESIpos): m/z = 1149 (M+H)

| ntermediate 206

N-(6-{[3-({3-[(2,5-dioxopyrrolidin-1-yl)oxy]-3-oxopopyl}disulphanyl)propanoyl]lamino}hexyl)-
N-methyl-L-valyl-N-[(3R,4S,5S)-1-{(2S)-2-[(1R,2R)-f(2S)-3-(1H-indol-3-yl)-1-(1,2-0xazinan-
2-yl)-1-oxopropan-2-yllamino}-1-methoxy-2-methylekopropyl]pyrrolidin-1-yl}-3-methoxy-5-
methyl-1-oxoheptan-4-yl]-N-methyl-L-valinamide

CH,
o H,C -9
o H,C.__-CH, o CH, 4N
N )]\/\ S N H\)I\ N " o
~o s~ \/\n/ W\/\T < ,?‘ H
0 B o (¢] \
N

o CH, O _A_ CH, O O HC

8 mg (10 pmol) of Intermediate 101 were dissolve@ ml of DMF and admixed with 8.6 mg (20
pmol) of 1,1'-{disulphanediylbis[(1-oxopropane-3iid)oxy]}dipyrrolidine-2,5-dione and 3.7 pl

of N,N-diisopropylethylamine. The reaction mixture wasret at RT for 2 h and then the solvent
was evaporated off under reduced pressure anc$idue was purified by preparative HPLC. 7.2

mg (68% of theory) of the title compound were oixgi.
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HPLC (Method 5): R= 1.9 min;
LC-MS (Method 11): R= 0.94 min; MS (ESlpos): m/z = 615 [¥2 (M+2JH

Intermediate 207

(1S,2R)-1-amino-2-phenylcyclopropanecarboxylic ddftlioroacetate

OH

H,N
CF,COOH x

A\

O

The title compound was obtained in quantitativddyiey deprotecting 210 mg (0.76 mmol) of
commercially available &2R)-1-[(tert-butoxycarbonyl)amino]-2-phenylcyclopropanecarbaxyl

acid with trifluoroacetic acid.
LC-MS (Method 1): R= 0.23 min; MS (ESlpos): m/z = 178 (M+H)

| ntermediate 208

9H-fluoren-9-ylmethyl 6-oxohexyl carbamate

The title compound was prepared from 1 g (2.95 mmbkommercially available 9H-fluoren-9-
ylmethyl 6-hydroxyhexyl carbamate under standamtldeons, by oxidation with sulphur trioxide-

pyridine complex. 840 mg (85% of theory) of théetitompound were obtained.
HPLC (Method 12): R= 2.0 min;

LC-MS (Method 1): R= 1.1 min; MS (ESIpos): m/z = 338 (M+H)
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I ntermediate 209

N-[6-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)hexyl]-Mnethyl-L-valyl-N-[(3R,4S,5S)-1-{(2S)-2-
[(1R,2R)-3-{[(1S,2R)-1-carboxy-2-phenylcyclopropgihino}-1-methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]-N-methyl-L-valinamide

SO J;( fﬂ%m

First, in analogy to the synthesis described irermediate 75, by coupling of Neft-
butoxycarbonyl)-N-methyl-L-valyl-N-[(3R,4S,5S)-146)-2-[(1R,2R)-2-carboxy-1-
methoxypropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-txoheptan-4-yl]-N-methyl-L-valinamide

(Intermediate 26) and (1S,2R)-1-amino-2-phenylgyadpanecarboxylic acid trifluoroacetate
(Intermediate 207) in the presence of O-(7-azalieiazol-1-yl)-N,N,N',N'-tetramethyluronium
hexafluorophosphate and subsequent detachmenteofBt protecting group by means of
trifluoroacetic acid, the amine compound N-methydlyl-N-[(3R,4S,5S)-1-{(2S)-2-[(1R,2R)-3-
{[(1S,2R)-1-carboxy-2-phenylcyclopropyllamino}-1-iiexy-2-methyl-3-oxopropyl]pyrrolidin-1-
yl}-3-methoxy-5-methyl-1-oxoheptan-4-yl]-N-methyHalinamide  was prepared as the

trifluoroacetate.

To 22 mg (0.026 mmol) of this compound in 10 mineéthanol were then added 17 mg (0.05

mmol) of 9H-fluoren-9-ylmethyl 6-oxohexyl carbamglatermediate 208) and 2.3 mg of acetic

acid, and also 11.4 mg (0.12 mmol) of borane-pgediomplex. The reaction mixture was stirred

at RT overnight. Then the same amounts of boramnielipg complex and acetic acid, and also 8

mg of fluoren-9-ylmethyl 6-oxohexyl carbamate, wadged once again and the reaction mixture
was stirred at RT for a further 24 h. This wasdakd by concentration under reduced pressure,
and the residue was purified by means of preparatfPLC. After concentration of the

corresponding fractions, the product was used inmeelgt in the next stage.

33 mg of the still contaminated intermediate weaileeh up in 5 ml of DMF, and 1 ml of piperidine
was added. After stirring at RT for 15 min, theatg@n mixture was concentrated and the resulting
residue was purified by preparative HPLC. Thus,nid (55% of theory over 2 stages) of the

aminocarboxylic acid intermediate were obtained.

HPLC (Method 12): R=1.7 min;
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LC-MS (Method 11): R= 0.7 min; MS (ESlpos): m/z = 843 (M+H)

6 mg (7.12 pmol) of this intermediate were takenrup ml of dioxane and then admixed with 6.6
mg (42.7 pumol) of methyl 2,5-dioxo-2,5-dihydro-1Mrmle-1-carboxylate and with 5 pl of
saturated aqueous sodium hydrogencarbonate solTtienreaction mixture was stirred at RT for
1 h. Then another 3 portions each of 50 ul of @werated aqueous sodium hydrogencarbonate
solution were added and the reaction mixture wisedtat RT for a further 30 min. Then the
reaction mixture was acidified to pH 2 with trifiwacetic acid and subsequently concentrated
under reduced pressure. The remaining residue wited by means of preparative HPLC. After
lyophilization from acetonitrile/water, 4 mg (60% theory) of the title compound were obtained

as a foam.
HPLC (Method 12): R= 1.9 min;
LC-MS (Method 11): R= 0.88 min; MS (ESIpos): m/z = 923 (M+H)

| ntermediate 210

N-{6-[(2,5-dioxopyrrolidin-1-yl)oxy]-6-oxohexyl}-Nmethyl-L-valyl-N-[(3R,4S,5S)-1-{(2S)-2-
[(AR,2R)-3-{[(2S)-3-(1H-indol-3-yl)-1-(1,2-0xazina-yl)-1-oxopropan-2-ylJamino}-1-methoxy-2-
methyl-3-oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-mbyl-1-oxoheptan-4-yl]-N-methyl-L-

valinamide

&WIW ﬁm%“

First, 6-oxohexanoic acid was prepared by a liteeaimethod (J. Org. Chem. 58, 1993, 2196-
2200).

80 mg (0.08 mmol) of N-methyl-L-valyl-N-[(3R,4S,5%}(2S)-2-[(1R,2R)-3-{[(2S)-3-(1H-indol-
3-yl)-1-(1,2-oxazinan-2-yl)-1-oxopropan-2-yllJamind}methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]-N-methyl-L-valinamide
(Intermediate 192) and 65.4 mg (0.5 mmol) of 6-a&x@mnoic acid were combined in 9 ml of
methanol and admixed with 10 ul of acetic acid &4 mg (0.4 mmol) of borane-pyridine
complex. The reaction mixture was stirred at RTroight. This was followed by concentration

under reduced pressure, and the residue was takienlul acetonitrile/water and adjusted to pH 2
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with trifluoroacetic acid. The reaction mixture wamncentrated again and the residue was purified
by means of preparative HPLC. After concentratibthe corresponding fractions, 70 mg (86% of
theory) of N-(5-carboxypentyl)-N-methyl-L-valyl-N3R,4S,5S)-1-{(2S)-2-[(1R,2R)-3-{[(2S)-3-
(1H-indol-3-yl)-1-(1,2-oxazinan-2-yl)-1-oxopropanyflamino}-1-methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]-N-methyl-L-valinamide ~ were

obtained as the trifluoroacetate.
HPLC (Method 12): R= 1.9 min;
LC-MS (Method 1): R= 0.87 min; MS (ESIpos): m/z = 955 (M+H)

'H NMR (500 MHz, DMSO-¢ characteristic signals§ = 12.0 (br. M, 1H), 10.8 (s, 1H), 9.4 (m,
1H), 8.9 and 8.8 (2d, 1H), 8.3 and 8.02 (2d, 1K, (M, 1H), 7.3 (m, 1H), 7.15 and 7.1 (2s, 1H)
7.05-6.9 (m, 2H), 5.12 and 4.95 (2m, 1H), 4.7-405 ZH), 4.1-3.8 (m, 4H), 3.75 (d, 1H), 3.25, 3.2,
3.18, 3.13, 2.98 and 2.88 (6s, 9H), 2.8 (m, 3H)8 and 1.04 (2d, 3H), 0.95-0.8 (m, 15H), 0.8-0.65
(dd, 3H).

22 mg (23 umol) of this intermediate were dissolired..8 ml of dichloromethane and admixed
with 13.2 mg (70 umol) of 1-(3-dimethylaminoprop@Rethylcarbodiimide hydrochloride, 26.5
mg (230 wumol) of 1-hydroxypyrrolidine-2,5-dione and.28 mg (2 pmol) of
dimethylaminopyridine, and the reaction mixture vaisred at RT for 2 h. Subsequently, the
reaction mixture was concentrated under reducesspre and the remaining residue was purified
by means of preparative HPLC. After lyophilizatimom acetonitrile/water, 21.3 mg (88% of

theory) of the title compound were obtained.
HPLC (Method 12): R= 1.9 min;
LC-MS (Method 1): R= 0.94 min; MS (ESIpos): m/z = 1052 (M+H)

Intermediate 211

N-{6-[(2,5-dioxopyrrolidin-1-yl)oxy]-6-oxohexyl}-Nmethyl-L-valyl-N-[(3R,4S,5S)-3-methoxy-1-
{(25)-2-[(1R,2R)-1-methoxy-2-methyl-3-{[(2S,3S)-1;@-oxazinan-2-yl)-1-oxo-3-phenylbutan-2-
ylJamino}-3-oxopropyl]pyrrolidin-1-yl}-5-methyl-1-aoheptan-4-yl]-N-methyl-L-valinamide
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15 mg (20 pmol) oN-methyl-L-valylN-[(3R,4S59)-3-methoxy-1-{(&)-2-[(1R,2R)-1-methoxy-2-
methyl-3-{[(2S 39)-1-(1,2-o0xazinan-2-yl)-1-ox0-3-phenylbutan-2-yljemm}-3-oxopropyl]
pyrrolidin-yl}-5-methyl-1-oxoheptan-4-yIN-methyl-L-valinamide trifluoroacetate (Intermediate

15) were reductively alkylated with 6-oxohexanaitdain analogy to Intermediate 210.
Yield: 9.2 mg (61% of theory)

HPLC (Method 12): R= 1.9 min;

LC-MS (Method 1): R= 0.87 min; MS (ESIpos): m/z = 929 (M+H)

9 mg (10 pumol) of this intermediate were dissolie®@ ml of DMF and admixed with 5.6 mg (48
pmol) of 1-hydroxypyrrolidine-2,5-dione, 5 pl of N-diisopropylethylamine and 5.5 mg (0.015
mmol) of HATU, and the reaction mixture was treait@én ultrasound bath for 6 h. In the course
of this, 5.5 mg of HATU were added every hour. S&gpently, the reaction mixture was
concentrated under reduced pressure, and the eesids taken up in acetonitrile/water and
adjusted to pH 2 with trifluoroacetic acid. Afteorcentrating again under reduced pressure, the
remaining residue was purified by means of preparatHlPLC. After lyophilization from

acetonitrile/water, 5.8 mg (57% of theory) of thiletcompound were obtained.
HPLC (Method 12): R= 2.0 min;
LC-MS (Method 1): R= 0.95 min; MS (ESlpos): m/z = 1027 (M+H)

Intermediate 212

N-{2-[2-(2-{3-[(2,5-dioxopyrrolidin-1-yl)oxy]-3-oxg@ropoxy}ethoxy)ethoxy]ethyl}-N-methyl-L-
valyl-N-[(3R,4S,5S)-3-methoxy-1-{(2S)-2-[(1R,2R)rhethoxy-2-methyl-3-{[(2S,3S)-1-(1,2-
oxazinan-2-yl)-1-oxo-3-phenylbutan-2-ylJamino}-3apropyl]pyrrolidin-1-yl}-5-methyl-1-

oxoheptan-4-yl]-N-methyl-L-valinamide
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The preparation was at first effected in analogylrttermediate 168, commencing with the
reductive alkylation of Intermediate 15 with Intexdiate 167 and subsequent hydrogenolytic
cleavage of the benzyl ester of N-(2-{2-[2-(2-catpethoxy)ethoxy]ethoxy}ethyl)-N-methyl-L-
valyl-N-[(3R,4S,5S)-3-methoxy-1-{(2S)-2-[(1R,2R)rhethoxy-2-methyl-3-{[(2S,3S)-1-(1,2-
oxazinan-2-yl)-1-oxo-3-phenylbutan-2-ylJamino}-3apropyl]pyrrolidin-1-yl}-5-methyl-1-

oxoheptan-4-yl]-N-methyl-L-valinamide.

8.4 mg (8 umol) of this intermediate were dissolire@ ml of DMF and admixed with 9.5 mg (80
pmol) of 1-hydroxypyrrolidine-2,5-dione, 10 pl of,N-diisopropylethylamine and 9.4 mg (25
pmol) of HATU, and the reaction mixture was stireedRT overnight and then concentrated under
reduced pressure. Subsequently, the reaction rmaixtas concentrated under reduced pressure,
and the residue was taken up in acetonitrile/water adjusted to pH 2 with trifluoroacetic acid.
After concentrating again under reduced pressheerémaining residue was purified by means of
preparative HPLC. After lyophilization from acettiie/water, 4 mg (32% of theory) of the title

compound were obtained.
HPLC (Method 12): R= 2.0 min;
LC-MS (Method 1): R= 0.96 min; MS (ESlpos): m/z = 1117 (M+H)

|ntermediate 213

N-{6-[(trans-4-{[(2,5-dioxopyrrolidin-1-yl)oxy]carbnyl}cyclohexyl)amino]-6-oxohexyl}-N-
methyl-L-valyl-N-[(3R,4S,5S)-1-{(2S)-2-[(1R,2R)-3S)-3-(1H-indol-3-yl)-1-(1,2-oxazinan-2-
yl)-1-oxopropan-2-yllamino}-1-methoxy-2-methyl-3-ogropyl]pyrrolidin-1-yl}-3-methoxy-5-
methyl-1-oxoheptan-4-yl]-N-methyl-L-valinamide
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This compound was prepared in analogy to Interntedid04, proceeding from N-(5-
carboxypentyl)-N-methyl-L-valyl-N-[(3R,4S,5S)-1-{8)-2-[(1R,2R)-3-{[(2S)-3-(1H-indol-3-yl)-1-
(1,2-oxazinan-2-yl)-1-oxopropan-2-yllamino}-1-meitya2-methyl-3-oxopropyl]pyrrolidin-1-yl}-
3-methoxy-5-methyl-1-oxoheptan-4-yl]-N-methyl-L-irzhmide, the synthesis of which was
described under Intermediate 210. 9.3 mg of the gbompound (37% of theory over 3 stages)

were obtained.
HPLC (Method 12): R= 1.9 min;
LC-MS (Method 1): R= 0.9 min; MS (ESlpos): m/z = 1177 (M+H)

| ntermediate 214

N-{4-[(2,5-dioxopyrrolidin-1-yl)oxy]-4-oxobutyl}-Nmethyl-L-valyl-N-[(3R,4S,5S)-1-{(2S)-2-
[(1R,2R)-3-{[(1S,2R)-1-hydroxy-1-phenylpropan-2-gihino}-1-methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]-N-methyl-L-valinamide

This compound was prepared in analogy to Internted0, by conversion of Intermediate 92 to

&Wj;(

the active ester.
HPLC (Method 5): R= 1.6 min;

LC-MS (Method 11): R= 0.82 min; MS (ESIpos): m/z = 901 (M+H)
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Intermediate 215

N-{6-[(2,5-dioxopyrrolidin-1-yl)oxy]-6-oxohexyl}-Nmethyl-L-valyl-N-[(3R,4S,5S)-1-{(2S)-2-
[(1R,2R)-3-{[(1S,2R)-1-hydroxy-1-phenylpropan-2-gihino}-1-methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yI}-3-methoxy-5-methyl-1-oxweptan-4-yl]-N-methyl-L-valinamide

H3C
O
\)k ‘\\CH3
_0
N T(\/\/\,T]

First, Intermediate 40, in analogy to Intermedid®8, was used with borane-pyridine complex to
prepare N-(5-carboxypentyl)-N-methyl-L-valyl-N-[(3#5,5S)-1-{(2S)-2-[(1R,2R)-3-{[(1S,2R)-1-
hydroxy-1-phenylpropan-2-yllamino}-1-methoxy-2-mgi3-oxopropyl]pyrrolidin-1-yl}-3-
methoxy-5-methyl-1-oxoheptan-4-yl]-N-methyl-L-vaéimide. From this compound, in analogy to
Intermediate 210, the active ester was then gester@% mg (36% of theory over 2 stages) of the

title compound were obtained.
HPLC (Method 5): R= 1.6 min;
LC-MS (Method 1): R= 0.85 min; MS (ESIpos): m/z = 930 (M+H)

| ntermediate 216

N-(4-{[(2,5-dioxopyrrolidin-1-yl)oxy]carbonyl}benz)-N-methyl-L-valyl-N-[(3R,4S,5S)-1-{(2S)-
2-[(1R,2R)-3-{[(2S)-3-(1H-indol-3-yl)-1-(1,2-0xazan-2-yl)-1-oxopropan-2-yllJamino}-1-methoxy-
2-methyl-3-oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-gthyl-1-oxoheptan-4-yl]-N-methyl-L-

valinamide

- KWMA
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First, in analogy to the preparation of IntermeelidB3, Intermediate 192 was reacted with 4-
formylbenzoic acid with borane-pyridine complexgiwe N-(4-carboxybenzyl)-N-methyl-L-valyl-
N-[(8R,4S,5S)-1-{(2S)-2-[(1R,2R)-3-{[(2S)-3-(1H-imdt3-yl)-1-(1,2-0xazinan-2-yl)-1-oxopropan-
2-yllamino}-1-methoxy-2-methyl-3-oxopropyl]pyrrolid-1-yl}-3-methoxy-5-methyl-1-oxoheptan-
4-yl]-N-methyl-L-valinamide. This compound was thased, in analogy to Intermediate 210, to

generate 11 mg (68% of theory) of the title commbun
HPLC (Method 5): R= 1.8 min;
LC-MS (Method 1): R= 1.13 min; MS (ESIpos): m/z = 1072 (M+H)

Intermediate 217

N-(5-carboxypentyl)-N-methyl-L-valyl-N-[(3R,4S,53H{(2S)-2-[(1R,2R)-3-{[(2S)-1-(benzyloxy)-
1-ox0-3-phenylpropan-2-yllamino}-1-methoxy-2-mett8#oxopropyl]pyrrolidin-1-yl}-3-methoxy-
5-methyl-1-oxoheptan-4-yl]-N-methyl-L-valinamide

OH CH, O _A_ CH, O__ O CH,
P e om0 CH,

53 mg (84 pmol) ofN-[(9H-fluoren-9-ylmethoxy)carbonylN-methyl-L-valyl-N-[(2R,3S,4S)-1-
carboxy-2-methoxy-4-methylhexan-3-WHnethyl-L-valinamide (Intermediate 4) and 45 mg (84
pmol)  of  benzyl N-{(2R,3R)-3-methoxy-2-methyl-3-[(3)-pyrrolidin-2-yl]propanoyl}-L-
phenylalaninate trifluoroacetate (Intermediate W2ye taken up in 2 ml of DMF, 19 ul &f N
diisopropylethylamine, 14 mg (92 pumol) of HOBt atid6 mg (92 umol) of EDC were added and
then the mixture was stirred at RT overnight. Sghsetly, the reaction mixture was concentrated
and the residue was purified by means of prepaaii?LC. This gave 59 mg (68% of theory) of
the Fmoc-protected intermediatéN-[(9H-fluoren-9-yImethoxy)carbonylN-methyl-L-valyl-N-
[(BR,4S59-1-{(29)-2-[(1R,2R)-3-{[(2 9-1-(benzyloxy)-1-0x0-3-phenylpropan-2-yllamino}-1-
methoxy-2-methyl-3-oxopropyl]pyrrolidin-1-yl}-3-mbbxy-5-methyl-1-oxoheptan-4-y§-methyl-

L-valinamide.
LC-MS (Method 1): R= 1.55 min; m/z = 1044 (M+H)

57 mg (0.055 mmol) of this intermediate were trdatgth 1.2 ml of piperidine in 5 ml of DMF to
detach the Fmoc protecting group. After concerdraind purification by means of preparative
HPLC, 39 mg (76% of theory) of the free amine intediateN-methyl-L-valyl-N-[(3R,4S555)-1-
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{(29-2-[(1R 2R)-3-{[(2 9-1-(benzyloxy)-1-ox0-3-phenylpropan-2-ylJamino}riethoxy-2-methyl-
3-oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1s@heptan-4-yl]N-methyl-L-valinamide were

obtained as the trifluoroacetate.
HPLC (Method 5): R= 1.9 min;
LC-MS (Method 1): R= 1.01 min; m/z = 822 (M+H)

60 mg (0.06 mmol) of this intermediate were reaciadanalogy to Intermediate 210, with 6-
oxohexanoic acid in the presence of borane-pyridovaplex. 45 mg (75% of theory) of the title

compound were obtained as a foam.
HPLC (Method 5): R= 1.9 min;
LC-MS (Method 1): R= 0.97 min; MS (ESlpos): m/z = 9936 (M+H)

Intermediate 218

N-{6-[(2,5-dioxopyrrolidin-1-yl)oxy]-6-oxohexyl}-Nmethyl-L-valyl-N-[(3R,4S,5S)-1-{(2S)-2-
[(AR,2R)-3-{[(2S)-1-(benzyloxy)-1-ox0-3-phenylprap&-ylJamino}-1-methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yI}-3-methoxy-5-methyl-1-oxweptan-4-yl]-N-methyl-L-valinamide

CH3
H.,C CH H.C CH (@]
3 3 i 3 3 H\)J\
H N
o N\)J\ N <" o
0 Y\/\/\N . N :

! : (|:H 0 o) O\CH ©

0 CH, O R
& ’ H3C CH3 ’ \CH3 \©

o)
This compound was prepared by conversion of 42 @@5(mmol) of Intermediate 217 to the

active ester.

Yield: 26 mg (54%)

HPLC (Method 5): R= 2.1 min;

LC-MS (Method 1): R= 1.01 min; MS (ESlpos): m/z = 1034 (M+H)

Intermediate 219

N-{6-[(2,5-dioxopyrrolidin-1-yl)oxy]-6-oxohexyl}-Nmethyl-L-valyl-N-[(3R,4S,5S)-1-{(2S)-2-
[(AR,2R)-3-{[(1S)-1-carboxy-2-phenylethyllamino}+hethoxy-2-methyl-3-oxopropyl]pyrrolidin-
1-yl}-3-methoxy-5-methyl-1-oxoheptan-4-yl]-N-methitvalinamide
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CH,
H.C CH H.,C CH (0]
3 3 o 3 5y
H N
(o) N N ¥ OH
o) N Y N
I I o. O
(0] CH, O_ _ O CH,
CH,

N H c/\CH3
20 mg (0.02 mol) of the compound from Intermed18 were taken up in 2.4 ml of methanol and

hydrogenated over 5% palladium on activated carbater standard hydrogen pressure at RT for
30 min. The catalyst was then filtered off and sloévent was removed under reduced pressure.
The residue was lyophilized from 1:1 acetonitrilefer. This gave 14 mg (92% of theory) of the
titte compound as a colourless foam.

HPLC (Method 5): R= 1.7 min;

LC-MS (Method 1): R= 0.86 min; MS (ESIpos): m/z = 944 (M+H)

| ntermediate 220

N-[(3R,4S,5S)-1-{(2S)-2-[(1R,2R)-3-{[(2S)-3-(1H-imit3-yl)-1-(1,2-0xazinan-2-yl)-1-oxopropan-
2-yllamino}-1-methoxy-2-methyl-3-oxopropyl]pyrrolid-1-yl}-3-methoxy-5-methyl-1-oxoheptan-

\E/J%O

4-yl]-N-methyl-L-valinamide

CH,
oH3C CH, y
N
N N
: (|:H o) o} O\c ©
H
H3 ® \CH3 s

H,N
ch/\c
N

500 mg of this intermediate were dissolved in 2®AMMF and admixed with 466 mg (3.8 mmol)
of Intermediate 191, 382 mg (1.01 mmol) of O-(7keEaotriazol-1-yl)-N,N,N',N'-
tetramethyluronium hexafluorophosphate (HATU) andi04pul (2.5 mmol) of N,N-
diisopropylethylamine. The mixture was stirred &t fr 1 h and then concentrated. The residue
was taken up in dichloromethane and extracted biisg first twice with 5% aqueous citric acid
solution and then with saturated aqueous sodiunnolggshcarbonate solution. The organic phase
was concentrated and the residue was purified dghfchromatography on silica gel with 95:5
dichloromethane/methanol as the eluent. The coorefipg fractions were combined and the
solvent was removed under reduced pressure. Afteretsidue had been dried under high vacuum,

562 mg (65% of theory over both stages) of the @qmted intermediate were obtained.
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562 mg (0.57 mmol) of this intermediate were takpnin 50 ml of methanol and hydrogenated
with 155 mg of 10% palladium on activated carbodarmstandard hydrogen pressure at RT for 20
min. The catalyst was then filtered off and thevent was removed under reduced pressure. The
residue was purified by preparative HPLC. The apomding fractions were combined, the
solvent was evaporated off under reduced pressuteéhe residue was lyophilized from dioxane.
This gave 361 mg (87% of theory) of the title connpd as a foam.

HPLC (Method 5): double peak with Rt = 1.75 andbInd@in;

LC-MS (Method 1): double peak at Rt = 0.84 min &®ilL min with the same mass; MS (ESIpos):
m/z = 944 (M+HJ.

Intermediate 221

N-{(2S)-2-[(tert-butoxycarbonyl)amino]-3-phenylpropyl}-N-methyl-Laline

H,C~_ _CH,
S o N OH
chﬁ/ T \;/\N
3 I
CH, O < CH, O

100 mg (0.76 mmol) of commercially available N-mgth-valine and 285 mg (1.14 mmol) of

commercially availabléert-butyl (2S)-1-oxo-3-phenylpropan-2-yl carbamate eveombined in 22

ml of methanol and admixed with 340 mg (3.66 mnudlporane-pyridine complex and 70 pl of
acetic acid. The reaction mixture was stirred atd®@&rnight. This was followed by concentration
under reduced pressure, and the residue was plukfieflash chromatography on silica gel with
dichloromethane/methanol/17% aqueous ammonia ealas the eluent. After concentration of
the corresponding fractions and lyophilization frart dioxane/water, 259 mg (93% of theory) of

the title compound were obtained.

HPLC (Method 12): R= 1.6 min;
LC-MS (Method 11): R= 0.76 min; MS (ESIpos): m/z = 365 (M+H)

| ntermediate 222

N-[(2S)-2-amino-3-phenylpropyl]-N-methyl-L-valyl-IN3R,4S,5S)-1-{(2S)-2-[(1R,2R)-3-{[(2S)-
3-(1H-indol-3-yl)-1-(1,2-oxazinan-2-yl)-1-oxoprop&nyllamino}-1-methoxy-2-methyl-3-
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oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]-N-methyl-L-valinamide

\E/KO

trifluoroacetate

CH,
H,C__CH, OH3C CH, ]
H,N R N "
2 \:/\N y N
C|:H 0 : ICH o o} O\CHO
C * He” e, ° CH, :
x CF,COOH

40 mg (0.11 mmol) of N-{(2S)-2-[(tert-butoxycarbdyamino]-3-phenylpropyl}-N-methyl-L-

>....

valine (Intermediate 221) were dissolved in 5 mD&iF and admixed with 80 mg (0.11 mmol) of
N-[(3R,4S,5S)-1-{(2S)-2-[(1R,2R)-3-{[(2S)-3-(1H-imit3-yl)-1-(1,2-0xazinan-2-yl)-1-oxopropan-
2-yllamino}-1-methoxy-2-methyl-3-oxopropyl]pyrrolid-1-yl}-3-methoxy-5-methyl-1-oxoheptan-
4-yl]-N-methyl-L-valinamide (Intermediate 220), 50g (0.13 mmol) ofO-(7-azabenzotriazol-1-
yD-N,N,N',Ntetramethyluronium hexafluorophosphate (HATU) &id ul (2.5 mmol) ofN,N-
diisopropylethylamine. The mixture was stirred &t fr 1 h and then concentrated. The residue
was taken up in ethyl acetate and washed first 8#thaqueous citric acid solution and then with
water. The organic phase was concentrated ancetidue was purified by means of preparative
HPLC. The corresponding fractions were combined taredsolvent was removed under reduced
pressure. After lyophilization from dioxane, 60 (5% of theory) of the protected intermediate

were obtained.
HPLC (Method 12): R= 2.2 min;
LC-MS (Method 1): R= 1.17 min; MS (ESIpos): m/z = 1073 (M+H)

60 mg (0.05 mmol) of this intermediate were takgnim 10 ml of dichloromethane, 2 ml of
trifluoroacetic acid were added, and the reactiaxture was stirred at RT for 1.5 h. Subsequently,
the reaction mixture was concentrated under redymedsure and the remaining residue was
purified by means of preparative HPLC. The corresling fractions were combined, the solvent
was removed under reduced pressure and the resiidyophilized from dioxane/water. In this

way, 25 mg (42% of theory) of the title compoundevebtained as a foam.
HPLC (Method 12): R= 1.9 min;

LC-MS (Method 1): R= 0.95 min; MS (ESIpos): m/z = 974 (M+H)
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Intermediate 223

N-[(2S)-2-({[2-(2,5-diox0-2,5-dihydro-1H-pyrrol-1Rethyl]carbamoyl}amino)-3-phenylpropyl]-
N-methyl-L-valyl-N-[(3R,4S,5S)-1-{(2S)-2-[(1R,2R)-f(2S)-3-(1H-indol-3-yl)-1-(1,2-0xazinan-
2-yl)-1-oxopropan-2-yllamino}-1-methoxy-2-methyleopropyl]pyrrolidin-1-yl}-3-methoxy-5-
methyl-1-oxoheptan-4-yl]-N-methyl-L-valinamide

The preparation was effected in analogy to Interatedl34, proceeding from 5 mg (4.6 pmol) of

Intermediate 222. 3.4 mg (65% of theory) of thie titompound were obtained.
HPLC (Method 12): R= 2.0 min;
LC-MS (Method 1): R= 0.99 min; MS (ESIpos): m/z = 1140 (M+H)

| ntermediate 224

N-[(2S)-2-({[2-(2,5-diox0-2,5-dihydro-1H-pyrrol-1iethyl]lcarbamoyl}amino) propyl]-N-methyl-
L-valyl-N-[(3R,4S,5S5)-1-{(2S)-2-[(1R,2R)-3-{[(2S)-81H-indol-3-yl)-1-(1,2-o0xazinan-2-yl)-1-
oxopropan-2-yllJamino}-1-methoxy-2-methyl-3-oxoprdlpyrrolidin-1-yl}-3-methoxy-5-methyl-1-

oxoheptan-4-yl]-N-methyl-L-valinamide

o)
H,C CH, Ng
0 H
\)]\ N
N Y o)
N H
<|:H o. O O\C )
) ® TOCH,

H,C~__-CH,
o
NN N
\ O CH, CH, O
o) H,C

The preparation was effected in analogy to thel®gis of Intermediate 223.

o
H
CH s

N
H

HPLC (Method 12): R= 1.9 min;

LC-MS (Method 1): R= 0.92 min; MS (ESIpos): m/z = 1064 (M+H)
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Intermediate 225

N-(2-aminoethyl)-N-methyl-L-valyl-N-[(3R,4S,5S)-12S)-2-[(1R,2R)-3-{[(2S)-3-(1H-indol-3-
yI)-1-(1,2-oxazinan-2-yl)-1-oxopropan-2-yllaminophethoxy-2-methyl-3-oxopropyl]pyrrolidin-

1-yl}-3-methoxy-5-methyl-1-oxoheptan-4-yl]-N-methitvalinamide trifluoroacetate

100 mg (0.76 mmol) of commercially available N-mgth-valine and 182 mg (1.14 mmol) of
commercially availabléert-butyl 2-oxoethyl carbamate were combined in 20ofmnethanol and
admixed with 340 mg (3.66 mmol) of borane-pyridicemplex and 65 pl of acetic acid. The
reaction mixture was stirred at RT overnight. Thiss followed by concentration under reduced
pressure, and the residue was purified by flashorohtography on silica gel with
dichloromethane/methanol/17% aqueous ammonia ealu{il5/4/0.5) as the eluent. After
concentration of the corresponding fractions amghylization from 1:1 dioxane/water, 190 mg in
39% purity (35% of theory) of the intermediate wergtained, which were converted further

without further purification.

50 mg (0.07 mmol) of this intermediate were disedlin 10 ml of DMF and admixed with 52 mg
(0.07 mmol) of N-[(3R,4S,5S)-1-{(2S)-2-[(1R,2R)-32S)-3-(1H-indol-3-yl)-1-(1,2-oxazinan-2-
yl)-1-oxopropan-2-ylJamino}-1-methoxy-2-methyl-3-opropyl]pyrrolidin-1-yl}-3-methoxy-5-
methyl-1-oxoheptan-4-yl]-N-methyl-L-valinamide (&rtmediate 220), 32 mg (0.09 mmol)@f(7-
azabenzotriazol-1-yIN,N,N',N‘tetramethyluronium hexafluorophosphate (HATU) &¥dpul (0.2
mmol) of N,N-diisopropylethylamine. The mixture was stirred RT overnight and then
concentrated. The residue was taken up in ethythecand extracted by shaking first with 5%
aqueous citric acid solution and then with watdne Torganic phase was concentrated and the
residue was purified by means of preparative HPLI& corresponding fractions were combined
and the solvent was removed under reduced presafies. lyophilization from dioxane, 53 mg
(76% of theory) of the protected intermediate wabtained.

HPLC (Method 12): R= 2.0 min;
LC-MS (Method 1): R= 1.02 min; MS (ESIpos): m/z = 984 (M+H)

53 mg (0.05 mmol) of this intermediate were takgnim 10 ml of dichloromethane, 2 ml of

trifluoroacetic acid were added, and the reactioixture was stirred at RT for 30 min.
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Subsequently, the reaction mixture was concentrateter reduced pressure and the remaining
residue was purified by means of preparative HPLI@& corresponding fractions were combined,
the solvent was removed under reduced pressure tiaadresidue was lyophilized from

dioxane/water. In this way, 21 mg (40% of theorf/ttee title compound were obtained in 65%

purity.
HPLC (Method 12): R=1.7 min;
LC-MS (Method 1): R= 0.87 min; MS (ESIpos): m/z = 884 (M+H)

Intermediate 226

N-[2-({[2-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-yl)etyilcarbamoyl}amino)ethyl]-N-methyl-L-valyl-

N-[(8R,4S,5S)-1-{(2S)-2-[(1R,2R)-3-{[(2S)-3-(1H-imdt3-yl)-1-(1,2-0xazinan-2-yl)-1-oxopropan-
2-yllamino}-1-methoxy-2-methyl-3-oxopropyl]pyrrolid-1-yl}-3-methoxy-5-methyl-1-oxoheptan-
4-yl]-N-methyl-L-valinamide

H,C
(0]
N N
N/\/ \n/ \/\,l\l
\ (e} CH

The preparation was effected proceeding from Ingeliate 225, in analogy to the synthesis of

Intermediate 134. 11.6 mg (59% of theory) of tle tompound were obtained.
HPLC (Method 12): R= 1.9 min;
LC-MS (Method 1): R= 0.90 min; MS (ESIpos): m/z = 1050 (M+H)

Intermediate 227

N-{6-[(2,5-dioxopyrrolidin-1-yl)oxy]-6-oxohexyl}-Nmethyl-L-valyl-N-[(3R,4S,5S)-1-{(2S)-2-
[(AR,2R)-3-{[(2S)-1-(benzyloxy)-3-(1H-indol-3-yl)-bxopropan-2-yllamino}-1-methoxy-2-
methyl-3-oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-mbyl-1-oxoheptan-4-yl]-N-methyl-L-

valinamide
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CH,
H,C CH H,C CH (0]
3 3 0° 3 H\)]\
H N
o N\)J\ N Y~ o
N H 3
o Y\/\/\ | : (l:H ! ! O\CH @)
CH (6] ~ 3
3 H3C/\CH3 3 \CH3 /
N
H

This compound was prepared analogously to Interabed18, by conversion to the active ester.
Yield: 18 mg (51% of theory)

HPLC (Method 5): R= 2.1 min;

LC-MS (Method 1): R= 0.98 min; MS (ESlpos): m/z = 1073 (M+H)

Intermediate 228

(2R,3S)-3-[{ert-butoxycarbonyl)amino]-4-{2-[6-(2,5-dioxo-2,5-dihyat 1H-pyrrol-1-
yl)hexanoyllhydrazino}-4-oxobutan-2-yl(3R,4S,7S,)88[(2S)-butan-2-yl]-7,10-diisopropyl-3-(2-
{(29)-2-[(1R,2R)-1-methoxy-2-methyl-3-{[(1S,2R)-12-oxazinan-2-ylcarbonyl)-2-
phenylcyclopropyllamino}-3-oxopropyl]pyrrolidin-1R¢2-oxoethyl)-5,11-dimethyl-6,9-dioxo-2-

oxa-5,8,11-triazapentadecan-15-oate

The title compound was obtained as intermediathersynthesis of Intermediate 154.
HPLC (Method 12): R= 2.1 min;
LC-MS (Method 1): R= 0.97 min; MS (ESIpos): m/z = 1308 (M+H)

| ntermediate 229

(2R,3S)-3-acetamido-4-{2-[6-(2,5-diox0-2,5-dihydtbt-pyrrol-1-yl)hexanoyl]hydrazino}-4-
oxobutan-2-yl (8R,4S,7S,10S)-4-[(2S)-butan-2-yll&r-diisopropyl-3-(2-{(2S)-2-[(1R,2R)-1-
methoxy-2-methyl-3-{[(1S,2R)-1-(1,2-oxazinan-2-ytbanyl)-2-phenylcyclopropyllamino}-3-
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oxopropyl]pyrrolidin-1-yl}-2-oxoethyl)-5,11-dimetHy6,9-dioxo-2-oxa-5,8,11-triazapentadecan-
15-oate

EOUS L e Ifwfm%g

The title compound was prepared from 7.5 mg (2.®lef Intermediate 154 by acetylation with
2.3 ul of acetic anhydride in 1 ml of DMF in theepence of 0.4 ul af,N-diisopropylethylamine.

Yield: 1.4 mg (40% of theory)
HPLC (Method 12): R= 1.9 min;
LC-MS (Method 1): R= 0.86 min; MS (ESIpos): m/z = 1250 (M+H)

| ntermediate 230

(2R,3S)-3-[{ert-butoxycarbonyl)amino]-4-{2-[6-(2,5-dioxo-2,5-dihgat 1H-pyrrol-1-yl)hexanoyl]
hydrazino}-4-oxobutan-2-yl (3R,4S,7S,10S)-4-[(2%)dn-2-yI]-3-(2-{(2S)-2-[(1R,2R)-3-{[(2S)-3-
(1H-indol-3-yl)-1-(1,2-oxazinan-2-yl)-1-oxopropanyflamino}-1-methoxy-2-methyl-3-oxopropyl]
pyrrolidin-1-yl}-2-oxoethyl)-7,10-diisopropyl-5,1#limethyl-6,9-dioxo-2-oxa-5,8,11-
triazapentadecan-15-oate

H3
H3C

N
H

This compound was prepared in analogy to Internbed@9, proceeding from Intermediate 193.

16 mg (30% of theory over 3 stages) of the titlenpound were obtained.
HPLC (Method 12): R= 2.0 min;

LC-MS (Method 1): R= 1.02 min; MS (ESIpos): m/z = 1335 (M+H)
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Intermediate 231

(2R,3S)-3-acetamido-4-{2-[6-(2,5-dioxo-2,5-dihyédtbl-pyrrol-1-yl)hexanoyl]hydrazino}-4-

oxobutan-2-yl (3R,4S,7S,10S)-4-[(2S)-butan-2-y[23{(2S)-2-[(1R,2R)-3-{[(2S)-3-(1H-indol-3-
yD)-1-(1,2-oxazinan-2-yl)-1-oxopropan-2-yllaminohhethoxy-2-methyl-3-oxopropyl]pyrrolidin-
1-yl}-2-oxoethyl)-7,10-diisopropyl-5,11-dimethyl ®dioxo-2-oxa-5,8,11-triazapentadecan-15-

oate
\E/KO
\

CH, CH,
O /& H,C CH H,C CH
/ o HN o ° s ol ST
H H N
N _N o) N N
N ; \[]/\/\N < N
o . o) éH o) (I:H o) : (I:H ¢} o) O\CH ©
¢ * he” cH, ° CH, ¢
N
H

This compound was prepared from 8 mg (6 umol) térmediate 230, first by deprotection with
trifluoroacetic acid and subsequent acetylatiorhvaitetic anhydride in DMF in the presence of
N,N-diisopropylethylamine. 2 mg (37% of theory overstages) of the title compound were

obtained.
HPLC (Method 12): R= 1.9 min;
LC-MS (Method 1): R= 0.88 min; MS (ESIpos): m/z = 1277 (M+H)

Intermediate 232

benzyl N-[(4-nitrophenoxy)carbonyl]-beta-alaninate

200 mg (0.57 mmol) of commercially available 4-ny#ibenzenesulphonic acid-benzyl beta-
alaninate and 229 mg (1.14 mmol) of 4-nitropherjbocarbonate were taken up in 15 ml of
tetrahydrofuran and the reaction mixture was theatdd to reflux for 30 min. Subsequently, the
reaction mixture was concentrated under reducesspre and the residue was purified by means
of preparative HPLC. After concentration of theresponding fractions and drying of the residue

under high vacuum, 86 mg (44% of theory) of the tbmpound were obtained.

HPLC (Method 12): R= 1.8 min;

LC-MS (Method 1): R= 1.07 min; MS (ESIpos): m/z = 345 (M+H)
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Intermediate 233

N-{2-[({3-[(2,5-dioxopyrrolidin-1-yl)oxy]-3-oxoprogyl}carbamoyl)amino]ethyl}-N-methyl-L-
valyl-N-[(3R,4S,55)-1-{(2S)-2-[(1R,2R)-3-{[(2S)-3H-indol-3-yl)-1-(1,2-0xazinan-2-yl)-1-
oxopropan-2-yllamino}-1-methoxy-2-methyl-3-oxoprdlpyrrolidin-1-yl}-3-methoxy-5-methyl-1-

\E/go

oxoheptan-4-yl]-N-methyl-L-valinamide

H.C CH H.C CH
(@) N (@] 3 3 o) 3 3 H
\H/A\v/ \H/ \V/A\N y N
o] o] cle o] : (l':H 0] o] O\CH ©
~N
3 H3C/\CH3 3 CH3 3

13 mg (10 pmol) of Intermediate 225 and 6.7 mg@ol) of Intermediate 232 were dissolved in

N

3 ml of DMF, and then 7 pl of N,N-diisopropylethgiane were added. The mixture was stirred at
RT overnight and then concentrated under high waicuthe remaining residue was purified by
means of preparative HPLC. After concentrationhaf torresponding fractions and drying of the

residue under high vacuum, 5.4 mg (38% of theofyfi® protected intermediate were obtained.
HPLC (Method 5): R= 2.1 min;
LC-MS (Method 1): R= 0. 6in; MS (ESIpos): m/z = 1089 (M+H)

5.4 mg (5 umol) of this intermediate were dissolieéd ml of methanol and, after addition of 2
mg of 10% palladium on activated carbon, hydrogeshainder standard hydrogen pressure at RT
for 20 min. The catalyst was then filtered off ahd solvent was removed under reduced pressure.
After the residue had been dried under high vactumg (quant.) of the acid intermediate were

obtained.
HPLC (Method 12): R= 1.8 min;
LC-MS (Method 1): R= 0.84 min; MS (ESIpos): m/z = 999 (M+H)

5 mg (10 pmol) of this intermediate were dissolired ml of DMF and admixed with 5.8 mg (50
mmol) of 1-hydroxypyrrolidine-2,5-dione and thenttw2.6 pl ofN,N-diisopropylethylamine and
3.8 mg (10 pmol) of HATU. After stirring at RT f@0 h, the reaction mixture was concentrated
under reduced pressure. The remaining residue wégep by means of preparative HPLC. After
lyophilization from 1:1 dioxane/water, 1.1 mg (2086 theory) of the title compound were

obtained.

HPLC (Method 12): R= 1.9 min;
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LC-MS (Method 1): R= 0.87 min; MS (ESIpos): m/z = 1096 (M+H)

|ntermediate 234

N-(6-{[(benzyloxy)carbonyllamino}hexyl)-N-methyl-alyl-N-[(3R,4S,5S)-3-methoxy-1-{(2S)-2-
[(1R,2R)-1-methoxy-2-methyl-3-0x0-3-{[(1S)-2-pherid(5-phenyl-1,3,4-oxadiazol-2-
yhethyllamino}propyl]pyrrolidin-1-yl}-5-methyl-1-axoheptan-4-yl]-N-methyl-L-valinamide

wfm%

H3O/\CH O

©VOTH

25 mg (30 pmol) of N-methyll-valyl-N-[(3R4S5S)-3-methoxy-1-{(5)-2-[(1R,2R)-1-methoxy-2-
methyl-3-oxo-3-{[(1S)-2-phenyl-1-(5-phenyl-1,3,4-oxadiazol-2-yl)ethytjao}propyl]pyrrolidin-
1-yl}-5-methyl-1-oxoheptan-4-yl]-N-methyll-valinamide (Intermediate 55) and 45 mg (180 pmol)
of benzyl 6-oxohexyl carbamate were taken up inl ® methanol and acidified with acetic acid.
At room temperature, 15 pl (144 pmol; 9.4M) of bwayridine complex were subsequently
added. The mixture was subsequently stirred atdR R4 h, and acetic acid and 15 pl (144 pmol;
9.4M) of borane-pyridine complex were added agdiera8 h. The reaction mixture was
subsequently adjusted to pH 2 with TFA and purifigdneans of preparative HPLC. The product
fractions were combined and concentrated, and ébelwe was dried under high vacuum. This

gave 15 mg (46% of theory) of the title compouna &sam.
LC-MS (Method 1): R= 1.03 min; m/z = 1066 (M+H)

Intermediate 235

N-(6-aminohexyl)-N-methyl-L-valyl-N-[(3R,4S,5S)-3ethoxy-1-{(2S)-2-[(1R,2R)-1-methoxy-2-
methyl-3-o0x0-3-{[(1S)-2-phenyl-1-(5-phenyl-1,3,4-adiazol-2-yl)ethyllJamino}propyl]pyrrolidin-
1-yl}-5-methyl-1-oxoheptan-4-yl]-N-methyl-L-valinaiche



10

15

20

WO 2013/087716 -332 - PCT/EP2012/075277

H3C
HZN\/\/\/\N

15 mg (14 pmol) of N-(6-{[(benzyloxy)carbonyllamifexyl)-N-methyl-L-valyl-N-[(3R,4S,5S)-
3-methoxy-1-{(2S)-2-[(1R,2R)-1-methoxy-2-methyl-8a3-{[(1S)-2-phenyl-1-(5-phenyl-1,3,4-
oxadiazol-2-yl)ethyllamino}propyl]pyrrolidin-1-yl}5-methyl-1-oxoheptan-4-yl]-N-methyl-L -

O
T
o

>||||

valinamide (Intermediate 234) were taken up in 3ofmmethanol, and 1.8 mg of palladium on
charcoal (5%) were added. The reaction mixture sudssequently hydrogenated under standard
hydrogen pressure at RT for 2 h. The catalyst \was filtered off and the solvent was removed
under reduced pressure. The residue was lyophifized 1:1 acetonitrile/water. 11 mg (86% of

theory) of the title compound were obtained asaarfo
LC-MS (Method 1): R= 0.81 min; m/z = 932 (M+H)

Intermediate 236

N-[6-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-yl)hexyl]-Mnethyl-L-valyl-N-[(3R,4S,5S)-3-methoxy-1-
{(29)-2-[(1R,2R)-1-methoxy-2-methyl-3-0x0-3-{[(12phenyl-1-(5-phenyl-1,3,4-oxadiazol-2-
yhethyllamino}propyl]pyrrolidin-1-yl}-5-methyl-1-axoheptan-4-yl]-N-methyl-L-valinamide

Cf ﬁ&kfﬁc‘w

o H3O/\CH

11 mg (12 pmol) of N-(6-aminohexyl)-N-methyl-L-v&M-[(3R,4S,5S)-3-methoxy-1-{(2S)-2-
[(1R,2R)-1-methoxy-2-methyl-3-ox0-3-{[(1S)-2-pherid(5-phenyl-1,3,4-oxadiazol-2-
ylethyllamino}propyl]pyrrolidin-1-yl}-5-methyl-1-axoheptan-4-yl]-N-methyl-L-valinamide
(Intermediate 235) were taken up in 500 pl of lidxane/water and admixed with 253 pl of 1M
aqueous sodium hydrogencarbonate solution andviiter2.8 mg (18 pmol) of methyl 2,5-dioxo-

2,5-dihydro-1H-pyrrole-1-carboxylate. The reactiixture was stirred at RT for 30 min and then
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acidified with trifluoroacetic acid. The reactionixture was purified by means of preparative

HPLC. After lyophilization, 0.8 mg (7% of theoryj) the title compound was obtained.
LC-MS (Method 1): R= 1.01 min; m/z = 1012 (M+H)

| ntermediate 237

N-(5-carboxypentyl)-N-methyl-L-valyl-N-[(3R,4S,58Hmethoxy-1-{(2S)-2-[(1R,2R)-1-methoxy-
2-methyl-3-o0x0-3-{[(1S)-2-phenyl-1-(5-phenyl-1,30%adiazol-2-
yhethyllamino}propyl]pyrrolidin-1-yl}-5-methyl-1-axoheptan-4-yl]-N-methyl-L-valinamide

CH,
H,C_ _CH H,C CH o}
g s 6 - N\
H N, "X/
HO N\)J\N N “ N
N ;
\”/\/\/\ | H cl:H I O\CH le}
o} CH, O o) )
* heT eH, 0 T cH,

25 mg (30 pmol) of N-methyll-valyl-N-[(3R4S 5S)-3-methoxy-1-{(&)-2-[(1R,2R)-1-methoxy-2-
methyl-3-ox0-3-{[(1S5)-2-phenyl-1-(5-phenyl-1,3,4-oxadiazol-2-yl)ethyfjmo}propyl]pyrrolidin-
1-yl}-5-methyl-1-oxoheptan-4-yl]-N-methyll-valinamide (Intermediate 55) and 23 mg (180 pmol)
of 6-oxohexanoic acid were taken up in 3 ml of raetil and acidified with acetic acid. At room
temperature, 15 ul (144 pmol; 9.4M) of borane-ppedcomplex were subsequently added. The
reaction mixture was subsequently stirred at RT2forh, and acetic acid and 15 pl (144 pmol;
9.4M) of borane-pyridine complex were added agdiera8 h. The reaction mixture was
subsequently adjusted to pH 2 with trifluoroacedmd and purified by means of preparative
HPLC. The product fractions were combined and cotreged, and the residue was lyophilized. 21

mg (74% of theory) of the title compound were tbbsained as a foam.
LC-MS (Method 1): R= 0.91 min; m/z = 947 (M+H)

| ntermediate 238

N-{6-[(2,5-dioxopyrrolidin-1-yl)oxy]-6-oxohexyl}-Nmethyl-L-valyl-N-[(3R,4S,5S)-3-methoxy-1-
{(29)-2-[(1R,2R)-1-methoxy-2-methyl-3-0x0-3-{[(12phenyl-1-(5-phenyl-1,3,4-oxadiazol-2-
ylethyllamino}propyl]pyrrolidin-1-yl}-5-methyl-1-xoheptan-4-yl]-N-methyl-L -
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valinamide

O/\CH

21 mg (22 pmol) of Intermediate 237 were dissolired ml of DMF and admixed with 38 mg
(833 pmol) of 1-hydroxypyrrolidine-2,5-dione andeth with 2.4 mg (10 pmol) of O-(7-
azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluroniumexafluorophosphate (HATU) and 19 pl of
N,N-diisopropylethylamine. After stirring at RT f& h, the reaction mixture was purified by
means of preparative HPLC. After lyophilizationrfralioxane, 22 mg (96% of theory) of the title

compound were obtained.
LC-MS (Method 1): R= 0.95 min; m/z = 1044 (M+H)

Intermediate 239

N-methyl-L-threonyl-N-[(3R,4S,5S)-1-{(2S)-2-[(1R,2B-{[(2S)-3-(1H-indol-3-yl)-1-(1,2-
oxazinan-2-yl)-1-oxopropan-2-yllamino}-1-methoxya2ethyl-3-oxopropyl] pyrrolidin-1-yl}-3-
methoxy-5-methyl-1-oxoheptan-4-yl]-N-methyl-L-vasimide trifluoroacetate

First, N-[(benzyloxy)carbonyl]N-methyl-L-threonine was released from 237 mg (0.887ol) of

its dicyclohexylamine salt by taking it up in etladetate and extractive shaking with 5% aqueous
sulphuric acid. The organic phase was dried ovagnesium sulphate, filtered and concentrated.
14.7 mg (0.055 mmol) dfl-[(benzyloxy)carbonylN-methyl-L-threonine were taken up in 3 ml of
DMF and admixed successively with 40 mg (0.055 minoblintermediate 220, 12.7 mg (0.066
mmol) of 1-(3-dimethylaminopropyl)-3-ethylcarbodiote hydrochloride and 10 mg (0.066 mmol)
of 1-hydroxy-H-benzotriazole hydrate. The mixture was subsequestitred at RT for 2 h. The



10

15

20

WO 2013/087716 -335- PCT/EP2012/075277

solvent was then removed under reduced pressur¢hanesidue purified by preparative HPLC.

29 mg (54% of theory) of the Z-protected intermésli@ere thus obtained.
LC-MS (Method 1): R= 1.15 min; MS (ESlpos): m/z = 976 (M+H)

29 mg (0.003 mmol) of this intermediate were digsdlin 5 ml of methanol and hydrogenated
over 5 mg of 5% palladium/charcoal at RT and stethdaessure for 1 h. The catalyst was
subsequently filtered off and the solvent was evaiga off. The remaining residue was purified

by preparative HPLC. 17 mg (54% of theory) of tite tompound were obtained.
LC-MS (Method 1): R= 0.77 min; MS (ESIpos): m/z = 842 (M+H)

| ntermediate 240

N-{6-[(2,5-dioxopyrrolidin-1-yl)oxy]-6-oxohexyl}-Nmethyl-L-threonyl-N-[(3R,4S,5S)-1-{(2S)-2-
[(1R,2R)-3-{[(2S)-3-(1H-indol-3-yl)-1-(1,2-0xazina?+yl)-1-oxopropan-2-ylJamino}-1-methoxy-2-
methyl-3-oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-mbyl-1-oxoheptan-4-yl]-N-methyl-L-valinamide

CH,
_0
H.C OH H,C CH, N
0 0 H
o H\)J\ N N o
N \ﬂ/\/\/\N : é
| C|2H o 0 O\CH ©
® TOCH, 3

e} H,C CH,

This compound was prepared in analogy to Internted?d0 from 15.6 mg (0.016 mmol) of
Intermediate 239. 10.8 mg (67% of theory over Besa of the title compound were obtained.

HPLC (Method 5): R= 1.7 min;
LC-MS (Method 1): R= 0.85 min; MS (ESIpos): m/z = 1053 (M+H)

Intermediate 241

N-methyl-L-valyl-N-[(3R,4S,5S)-1-{(2S)-2-[(1R,2R}H3(2S)-3-(4-hydroxyphenyl)-1-(1,2-oxazinan-
2-yl)-1-oxopropan-2-yllamino}-1-methoxy-2-methyleopropyl]pyrrolidin-1-yl}-3-methoxy-5-

methyl-1-oxoheptan-4-yl]-N-methyl-L-valinamide ttibroacetate
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\ i \/&
L
Y N

OH

First, in analogy to Intermediate 5, trifluoroacedicid-(2S)-2-amino-3-(4-hydroxyphenyl)-1-(1,2-
oxazinan-2-yl)propan-1-one (1:1) was prepared. Thagent was then used, in analogy to the
synthesis described in Intermediate 75, by coupiiigp N-(tert-butoxycarbonyl)N-methyl-L-
valyl-N-[(3R,4S,59)-1-{(29)-2-[(1R,2R)-2-carboxy-1-methoxypropyl]pyrrolidin-1-yl}-3-metixy-
5-methyl-1-oxoheptan-4-ylN-methyl-L-valinamide (Intermediate 26) in the pmese of O-(7-
azabenzotriazol-1-yIN,N,N',N‘tetramethyluronium  hexafluorophosphate and  subssqu
detachment of the Boc protecting group by meangrififioroacetic acid, to prepare the title

compound.
HPLC (Method 12): R= 1.7 min;
LC-MS (Method 1): R= 0.85 min; MS (ESIpos): m/z = 817 (M+H)

Intermediate 242

N-{6-[(2,5-dioxopyrrolidin-1-yl)oxy]-6-oxohexyl}-Nmethyl-L-valyl-N-[(3R,4S,5S)-1-{(2S)-2-
[(AR,2R)-3-{[(2S)-3-(4-hydroxyphenyl)-1-(1,2-oxazn-2-yl)-1-oxopropan-2-ylJamino}-1-
methoxy-2-methyl-3-oxopropyl]pyrrolidin-1-yl}-3-mbbxy-5-methyl-1-oxoheptan-4-yl]-N-methyl-
L-valinamide

H,C
K \/&
o Qk
N \n/\/\/\,il
o) CH, O
o H3C
OH

50 mg (0.05 mmol) of Intermediate 241 were reactedanalogy to Intermediate 210, with 6-

oxohexanoic acid in the presence of borane-pyridomaplex. Subsequently, 22.5 mg (0.02 mmol)
of the resulting acid were converted to the actiglagster. 13.5 mg (36% of theory over 2 stages)

of the title compound were obtained.
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HPLC (Method 12): R= 1.8 min;
LC-MS (Method 1): R= 0.86 min; MS (ESlpos): m/z = 1028 (M+H)

Alternatively, the title compound can also be afeai by one-hour catalytic hydrogenation of
Intermediate 250 at room temperature in methanel 0% palladium on active carbon under

hydrogen standard pressure.

| ntermediate 243

N-(6-aminohexyl)-N-methyl-L-valyl-N-[(3R,4S,5S)-1ZS)-2-[(1R,2R)-3-{[(2S)-3-(4-
hydroxyphenyl)-1-(1,2-oxazinan-2-yl)-1-oxopropardfamino}-1-methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]-N-methyl-L-valinamide

CH,
_0O
H,C CH, H,C CH, N
i H\/g
H N
HzN\/\/\/\ I'(N\)k N Y (0]
N < N H
I : I _0 o} 3
CH, O CH, O\CH O H,C
H.C CH, 3
OH

The preparation was effected in analogy to Inteiated’8, by reductive alkylation of Intermediate

3

241 with benzyl 6-oxohexyl carbamate and boran&py complex and subsequent

hydrogenation in methanol as the solvent.

Yield: 17.5 mg (34% of theory over 2 stages)

HPLC (Method 12): R= 1.7 min;

LC-MS (Method 1): R= 0.63 min; MS (ESIpos): m/z = 916 (M+H)

|ntermediate 244

N-[6-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)hexyl]-Mnethyl-L-valyl-N-[(3R,4S,5S)-1-{(2S)-2-
[(1R,2R)-3-{[(2S)-3-(4-hydroxyphenyl)-1-(1,2-oxazn-2-yl)-1-oxopropan-2-yllamino}-1-
methoxy-2-methyl-3-oxopropyl]pyrrolidin-1-yl}-3-mbbxy-5-methyl-1-oxoheptan-4-yl]-N-methyl-

L-valinamide
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CH, O._ O HC

OH

The preparation was effected in analogy to Inteiatedl66, proceeding from Intermediate 243.

o H.C C

H

Yield: 1.3 mg (12% of theory)
HPLC (Method 12): R= 1.9 min;
LC-MS (Method 1): R= 0.89 min; MS (ESIpos): m/z = 996 (M+H)

| ntermediate 245

2,5-dioxopyrrolidin-1-yl O-[(3R,4S,7S,10S)-4-[(28an-2-yl]-3-(2-{(2S)-2-[(1R,2R)-3-{[(2S)-3-
(1H-indol-3-yl)-1-(1,2-oxazinan-2-yl)-1-oxopropanyflamino}-1-methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-2-oxoethyl)-7,10-diisompyl-5,11-dimethyl-6,9,15-trioxo-2-oxa-
5,8,11-triazapentadecan-15-yl]-N-(tert-butoxycandph-threonyl-beta-alaninate

CH,

H3C§\
0~ “CcH, CH, o
/g H,C CH;, H.C CH, N~
o HNT o o} H
H H N
_0 N o) N N y o
N W y WN y N :
o} O ¢H, O C‘H o - (‘EH Oo.__ 0O Ol
H A ~ H
o s ® We” cH, ° CH, ¢ |

N
H

First, Intermediate 193, as described under Intdiabe 154, was reacted with benzyl N-(tert-
butoxycarbonyl)-L-threoninate and then the benzageewas removed by hydrogenolysis. 30 mg
(0.027 mmol) of the N-[4-({(1S,2R)-1-[(tert-butoxgdonyl)amino]-1-carboxypropan-2-yl}oxy)-4-
oxobutyl]-N-methyl-L-valyl-N-[(3R,4S,5S)-1-{(2S)-B1R,2R)-3-{[(2S)-3-(1H-indol-3-yl)-1-(1,2-
oxazinan-2-yl)-1-oxopropan-2-yllamino}-1-methoxya@thyl-3-oxopropyl]pyrrolidin-1-yl}-3-
methoxy-5-methyl-1-oxoheptan-4-yl]-N-methyl-L-vadimide thus obtained were then coupled with
4-methylbenzenesulphonic acid-benzyl beta-alaniffaig in the presence of HATU and the benzyl
ester was removed again by hydrogenolysis (yieldng (71% of theory over 2 stages)). Finally, 10
mg (0.008 mmol) of the resulting acid were conwkrte the activated ester. After HPLC

purification, 2.7 mg (23% of theory) of the titleropound were obtained.



5

10

15

WO 2013/087716 -339 - PCT/EP2012/075277

HPLC (Method 5): R= 1.9 min;
LC-MS (Method 1): R= 1.01 min; MS (ESlpos): m/z = 1295 (M+H)

Intermediate 246a

(2S)-2-amino-1-(4-hydroxy-1,2-oxazolidin-2-yl)-3Hdindol-3-yl)propan-1-one trifluoroacetic acid

(1:1) Diastereomer 1

CF;,COOH x H,N

Diastereomer 1

HO

8!

N

CF;COOH x H, \/&
o

Diastereomer 2

1.6 g (3.982 mmol) of 2,5-dioxopyrrolidin-1-yl Neftt-butoxycarbonyl)-L-tryptophanate were
dissolved in 15 ml of DMF and admixed with 500 n&982 mmol) of 1,2-oxazolidin-4-ol and
100 pl of N,N-diisopropylethylamine. The reaction mixture wasretl at RT overnight. Then
another 100 pl oN,N-diisopropylethylamine were added, and the mixtuess first treated in an
ultrasound bath for 5 h, then stirred at RT ovdrhignd subsequently concentrated under reduced
pressure. The remaining residue was taken up i atletate and shaken first twice with 5% citric
acid solution, then with saturated sodium hydrogenenate solution and finally with water. The
organic phase was concentrated and the residuesggated into the diastereomers by flash
chromatography on silica gel with 95:5 dichloronzté/methanol as the eluent. The
corresponding fractions of both diastereomers werabined and the solvent was removed under

reduced pressure. After the residues had been aniéer high vacuum, 272 mg (18% of theory) of
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Diastereomer 1 (R= 0.18 (95:5 dichloromethane/methanol) and 236 (&6 of theory) of
Diastereomer 2 (R= 0.13 (95:5 dichloromethane/methanol), and 83® mg (22% of theory) of

a mixed fraction of the Boc-protected intermediatese obtained.

Under standard conditions, 5 ml of trifluoroacedid in 20 ml of dichloromethane were used to
detach the Boc protecting group from 272 mg (725l mf Diastereomer 1 of this intermediate
and, after lyophilization from dioxane/water, 29@ (guant) of the title compound were obtained

in 75% purity and used in the next stage withouter purification.
HPLC (Method 12): R= 1.1 min;
LC-MS (Method 13): R= 1.80 min; MS (ESlpos): m/z = 276 (M+H)

I ntermediate 246b

(2S)-2-amino-1-(4-hydroxy-1,2-oxazolidin-2-yl)-3Hdindol-3-yl)propan-1-one trifluoroacetic acid

(1:1) Diastereomer 2

Diastereomer 2

Under standard conditions, 5 ml of trifluoroacetid in 20 ml of dichloromethane were used to
detach the Boc protecting group from 236 mg (63®I}mf Diastereomer 2 of the intermediate
described in 246a and, after concentration, sgrsith diethyl ether and drying of the residue

under high vacuum, 214 mg (76%) of the title commbwere obtained.
LC-MS (Method 13): R= 1.84 min; MS (ESIpos): m/z = 276 (M+H)

Intermediate 247a

N-{6-[(2,5-dioxopyrrolidin-1-yl)oxy]-6-oxohexyl}-Nmethyl-L-valyl-N-[(3R,4S,5S)-1-{(2S)-2-
[(1R,2R)-3-{[(2S)-1-(4-hydroxy-1,2-oxazolidin-2-yB-(1H-indol-3-yl)-1-oxopropan-2-ylJamino}-1-
methoxy-2-methyl-3-oxopropyl]pyrrolidin-1-yl}-3-mbbxy-5-methyl-1-oxoheptan-4-yl]-N-methyl-L -

valinamide
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HO

irww

Diastereomer 1

H.,C

To synthesize this compound, the coupling of Inediates 26 and 246a with subsequent
detachment of the Boc protecting group was firgfqgeed as described for Intermediate 74.
Subsequently, the alkylation with 6-oxohexanoidadnithe presence of borane-pyridine complex
and subsequent conversion of the acid to the aaster were performed as described in

Intermediate 210. The title compound was purifiggpkeparative HPLC.
HPLC (Method 12): R= 1.8 min;
LC-MS (Method 1): R= 0.86 min; MS (ESIpos): m/z = 1053 (M+H)

I ntermediate 247b

N-{6-[(2,5-dioxopyrrolidin-1-yl)oxy]-6-oxohexyl}-Nmethyl-L-valyl-N-[(3R,4S,5S)-1-{(2S)-2-
[(AR,2R)-3{[(2S)-1-(4-hydroxy-1,2-oxazolidin-2-yB-(1H-indol-3-yl)-1-oxopropan-2-yllamino}-1-
methoxy-2-methyl-3-oxopropyl]pyrrolidin-1-yl}-3-mbebxy-5-methyl-1-oxoheptan-4-yl]-N-methyl-L -
valinamide

HO

Jiw%w

Diastereomer 2

&WIW

To synthesize this compound, the coupling of Inedtiates 26 and 246b with subsequent
detachment of the Boc protecting group was firsfqgened as described for Intermediate 74.
Subsequently, the alkylation with 6-oxohexanoidanithe presence of borane-pyridine complex
and subsequent conversion of the acid to the aaster were performed as described in

Intermediate 210. The title compound was purifiggpkeparative HPLC.
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HPLC (Method 12): R= 1.8 min;
LC-MS (Method 1): R= 0.86 min; MS (ESlpos): m/z = 1053 (M+H)

Intermediate 248

N-(5-carboxypentyl)-N-methyl-L-valyl-N-[(3R,4S,53H{(2S)-2-[(1R,2R)-3-{[(2S)-1-tert-butoxy-
3-(4-hydroxyphenyl)-1-oxopropan-2-yllamino}-1-mettye2-methyl-3-oxopropyl]pyrrolidin-1-yl}-
3-methoxy-5-methyl-1-oxoheptan-4-yl]-N-methyl-L-irsdmide

HC>k

HO

OH

First, in analogy to the synthesis described inerimediate 86, by coupling\-(tert-
butoxycarbonyl)N-methyl-L-valyl-N-[(3R,4S559)-1-{(29-2-[(1R,2R)-2-carboxy-1-
methoxypropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-tixoheptan-4-yl[N-methyl-L-valinamide
(Intermediate 26) and tert-butyl L-tyrosinate inetlpresence ofO-(7-azabenzotriazol-1-yl)-
N,N,N',N‘tetramethyluronium hexafluorophosphate and sulesqudetachment of the Boc
protecting group by means of trifluoroacetic acid dbtain the tert-butyl ester (stirring with
trifluoroacetic acid in dichloromethane for 40 mithe amine compound tert-butyl N-[(2R,3R)-3-
methoxy-3-{(2S)-1-[(3R,4S,5S)-3-methoxy-5-methy{methyl{(2S)-3-methyl-2-[(N-methyl-L-
valyl)amino]butyl}amino)heptanoyl] pyrrolidin-2-y#-methylpropanoyl]-L-tyrosinate was prepared
as the trifluoroacetate. 38 mg (0.04 mmol) of thisnpound were then used, in analogy to the
preparation of Intermediate 210, by reaction witbxéhexanoic acid in the presence of borane-

pyridine complex, to obtain 31 mg (99% of theorf/j}he title compound.
HPLC (Method 12): R= 1.8 min;
LC-MS (Method 1): R= 0.88 min; MS (ESIpos): m/z = 918 (M+H)

| ntermediate 249

Trifluoroacetic  acid-N-methyl-L-valyl-N-[(3R,4S,59}{(2S)-2-[(1R,2R)-3-{[(2S)-3-[4-(benzyl-
oxy)phenyl]-1-(1,2-oxazinan-2-yl)-1-oxopropan-2aino}-1-methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]-N-methyl-L-valinamide(1:1)
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First, in analogy to Intermediates 5 and 6, stgrtirom O-benzyl-N-(tert-butoxycarbonyl)-L-
tyrosine, trifluoroacetic acid-(2S)-2-amino-3-[4etizyloxy)phenyl]-1-(1,2-oxazinan-2-yl)propan-
1-one(1:1) was prepared. Then, from this buildifack, in analogy to the synthesis described in
Intermediate 75, coupling witiN-(tert-butoxycarbonyl)N-methyl-L-valyl-N-[(3R,45,59)-1-{(29)-
2-[(1R,2R)-2-carboxy-1-methoxypropyl]pyrrolidin-1-yl}-3-metixy-5-methyl-1-oxoheptan-4-yl]-
N-methyl-L-valinamide (Intermediate 26) in the pmnese of O-(7-azabenzotriazol-1-y¥):N,N’,N*
tetramethyluronium hexafluorophosphate and subseclenination of the Boc protecting group

by means of trifluoroacetic acid gave the title paend.
HPLC (Method 12): R= 2.15 min;
LC-MS (Method 1): R= 0. 99 min; MS (ESIpos): m/z = 908 (M+H)

Intermediate 250

N-{6-[(2,5-Dioxopyrrolidin-1-yl)oxy]-6-oxohexyl}-Nmethyl-L-valyl-N-[(3R,4S,5S)-1-{(2S)-2-
[(AR,2R)-3-{[(2S)-3-[4-(benzyloxy)phenyl]-1-(1,2-azinan-2-yl)-1-oxopropan-2-ylJlamino}-1-
methoxy-2-methyl-3-oxopropyl]pyrrolidin-1-yl}-3-mbbxy-5-methyl-1-oxoheptan-4-yl]-N-methyl-

KWM
g

100 mg (0.088 mmol) of Intermediate 249 were rahdte analogy to Intermediate 210 with 6-

L-valinamide

&WIN

oxanoic acid in the presence of borane-pyridine glemn Then 30 mg (0.029 mmol) of the
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resulting acid were converted into the activatedresThis gave 15 mg (40% of theory over 2

stages) of the title compound.
HPLC (Method 12): R= 2.26 min;
LC-MS (Method 1): R= 1.05 min; MS (ESIpos): m/z = 1119 (M+H)

| ntermediate 251

N-[4-(2-{5-[(2,5-Dioxopyrrolidin-1-yl)oxy]-5-oxopetanoyl}-2-methylhydrazino)-4-oxobutyl]-N-
methyl-L-valyl-N-[(3R,4S,5S)-1-{(2S)-2-[(1R,2R)-3S)-3-(1H-indol-3-yl)-1-(1,2-oxazinan-2-
yl)-1-oxopropan-2-yllamino}-1-methoxy-2-methyl-3-ogropyl]pyrrolidin-1-yl}-3-methoxy-5-

First of all, 30 mg (0.032 mmol) of Intermediate319vere converted into the activated N-

methyl-1-oxoheptan-4-yl]-N-methyl-L-valinamide

CH,

o] H,C.__-CH H,C CH
(0] 0 s 8 o°? S 4
N w H H\)J\ N g

~o0 N W\N - N
I I I o, O
o CH, O CH, O CHy 05,0 CH,
H,C H, 3

C

hydroxysuccinimide ester. 10.3 mg (0.009 mmol) lué tactive ester were dissolved in 2 ml of
DMF, admixed with 2.7 mg (0.018 mmol) of tert-butidmethylhydrazinecarboxylate and 8 pL
N,N-diisopropylethylamine, and stirred at RT for 16Tiis operation was repeated, and then the
batch was concentrated and the residue which remhaias purified by preparative HPLC.
Concentration of the corresponding fractions angndrunder a high vacuum gave 5.4 mg (43%)

of the intermediate.
LC-MS (Method 1): R= 0. 99 min; MS (ESIpos): m/z = 1054 (M+H)

The Boc protecting group was removed from 3.5 m@Q® mmol) of this intermediate, using
trifluoroacetic acid in dichloromethane. Followingncentration and drying under a high vacuum,
the residue was taken up in 4 ml of dichloromethané admixed with 1,1'-[(1,5-dioxopentane-
1,5-diyl)bis(oxy)]dipyrrolidine-2,5-dione and 2 f N,N-diisopropylethylamine. After stirring at
RT for 1 h, the batch was concentrated and theuwesihich remained was purified by preparative
HPLC. Concentration of the corresponding fractiand drying under a high vacuum gave 1.4 mg
(44%) of the title compound.

HPLC (Method 5): R= 1.6 min;
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LC-MS (Method 1): R= 0.88 min; MS (ESIpos): m/z = 1166 (M+H)

Intermediate 252

N-(2-{2-[2-(2-Carboxyethoxy)ethoxy]ethoxy}ethyl)-Methyl-L-valyl-N-[(3R,4S,5S)-1-{(2S)-2-
[(1R,2R)-3-{[(2S)-3-(4-hydroxyphenyl)-1-(1,2-oxazin-2-yl)-1-oxopropan-2-ylJamino}-1-methoxy-
2-methyl-3-oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-gthyl-1-oxoheptan-4-yl]-N-methyl-L-

valinamide
)
N/
\E/go

CH,
H,C CH, OHSC CH, y
H\)J\ N "
Hoj(\/o\/\o/\/o\/\r\l x N
é o] : éH o o] O~en.?
o] H £ ;O CH
’ Hsc/\CH3 cH, 3 \©\
OH

100 mg (0.088 mmol) of Intermediate 249 and 109(@50 mmol) of Intermediate 167 were
combined in 10 ml of methanol and admixed with 39 (@42 mmol) of borane-pyridine complex
and 15 pl of acetic acid. The batch was stirre@Tabvernight. Then the same amounts of borane-
pyridine complex and of acetic acid were added @gzen, and the batch was stirred for a further
24 h at RT. It was then concentrated under redyredsure, and the residue was purified by
means of preparative HPLC. Concentration of theesmponding fractions and lyophilization from
dioxane/water 1:1 gave 98 mg (93% of theory) of tieebenzyl intermediate. This intermediate
was taken up in 18.5 ml of methanol and subjeatechtalytic hydrogenation over 5% palladium
on activated carbon under standard hydrogen pressuroom temperature for 1 h. Filtration,
concentration, and lyophilization of the residuenirdioxane gave 73 mg (87% of theory) of the

title compound.
HPLC (Method 12): R=1.85 min;
LC-MS (Method 1): R= 0.84 min; MS (ESIpos): m/z = 1021 (M+H)

| ntermediate 253

N-{2-[2-(2-{3-[(2,5-Dioxopyrrolidin-1-yl)oxy]-3-oxgropoxy}ethoxy)ethoxy]ethyl}-N-methyl-L -
valyl-N-[(3R,4S,5S5)-1-{(25S)-2-[(1R,2R)-3-{[(2S)-3#thydroxyphenyl)-1-(1,2-oxazinan-2-yl)-1-
oxopropan-2-yllamino}-1-methoxy-2-methyl-3-oxopradjpyrrolidin-1-yl}-3-methoxy-5-methyl-1-

oxoheptan-4-yl]-N-methyl-L-valinamide
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22 mg (22 pmol) of Intermediate 252 were dissolwve8.5 ml of DMF and admixed with 25 mg

OH

(215 pmol) of 1-hydroxypyrrolidine-2,5-dione andbsequently with 12.3 mg (32 umol) Gk(7-
azabenzotriazol-1-yIN,N,N',Ntetramethyluronium hexafluorophosphate (HATU) aBidpul of
N,N-diisopropylethylamine. After stirring at RT fd h, the reaction mixture was purified by
means of preparative HPLC. Lyophilization from dioe gave 16 mg (62% of theory) of the title

compound.
HPLC (Method 5): R=1.57 min;
LC-MS (Method 1): R= 0.8 min; MS (ESlpos): m/z = 1118 (M+H)

| ntermediate 254

N-(2-{2-[2-(2-Carboxyethoxy)ethoxy]ethoxy}ethyl)-Wethyl-L-valyl-N-[(3R,4S,5S)-3-methoxy-1-
{(2S)-2-[(1R,2R)-1-methoxy-2-methyl-3-ox0-3-{[(12Hphenyl-1-(5-phenyl-1,3,4-oxadiazol-2-
yl)ethyllamino}propyl]pyrrolidin-1-yl}-5-methyl-1-&oheptan-4-yl]-N-methyl-L-valinamide

O
N
HO O\/\ /\/O\/\ I(N\)LW "
¢ o _A_ ! _o o

10 mg (0.012 mmol) of Intermediate 55 and 11 mgd36.mmol) of Intermediate 167 were
combined in 1 ml of methanol and admixed with 5¢ (@058 mmol) of borane-pyridine complex
and 1 ul of acetic acid. The batch was stirred BbRernight. Then the same amounts of borane-
pyridine complex and of acetic acid were added agaen, and the batch was stirred at RT for a
further 20 h. It was then concentrated under rediymessure and the residue was purified by
means of preparative HPLC. Concentration of theesmonding fractions and lyophilization from
dioxane/water 1:1 gave 8 mg (58% of theory) ofi@ezyl intermediate. This intermediate was
taken up in 2 ml of methanol and subjected to gatahydrogenation over 5% palladium on

activated carbon under standard hydrogen pressummoen temperature for 1 h. Filtration,
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concentration, and lyophilization of the residuenirdioxane gave 7 mg (95% of theory) of the

title compound.

LC-MS (Method 1): R= 0.99 min; MS (ESlpos): m/z = 1036 (M+H)

| ntermediate 255

N-{2-[2-(2-{3-[(2,5-Dioxopyrrolidin-1-yl)oxy]-3-oxgropoxy}ethoxy)ethoxy]ethyl}-N-methyl-L -
valyl-N-[(3R,4S,5S)-3-methoxy-1-{(2S)-2-[(1R,2R)rethoxy-2-methyl-3-ox0-3-{[(1S)-2-phenyl-1-
(5-phenyl-1,3,4-oxadiazol-2-yl)ethyllamino}propyljpolidin-1-yl}-5-methyl-1-oxoheptan-4-yl]-N-

methyl-L-valinamide

oo

O™\
y i %N !
N g N
OT‘/\/O\/\O/\/O\/\N N\.E)'LN ‘ I I
‘ o /:\ ‘ /O o h

o

7.3 mg (7 umol) of Intermediate 254 were dissolire®.3 ml of DMF and admixed with 12 mg
(106 pumol) of 1-hydroxypyrrolidine-2,5-dione andbsequently with 13.5 mg (35 pmol) Gk(7-
azabenzotriazol-1-yIN,N,N',Ntetramethyluronium hexafluorophosphate (HATU) a@dgll of
N,N-diisopropylethylamine. After stirring at RT fd h, the reaction mixture was purified by
means of preparative HPLC. Lyophilization from dioe gave 7.7 mg (79% of theory) of the title

compound.

LC-MS (Method 1): R= 0.97 min; MS (ESIpos): m/z = 1134 (M+H)

| ntermediate 256

N-(2-{2-[2-(2-Aminoethoxy)ethoxy]ethoxy}ethyl)-N-ntayl-L-valyl-N-[(3R,4S,5S)-3-methoxy-1-
{(25)-2-[(1R,2R)-1-methoxy-2-methyl-3-0x0-3-{[(1L2+henyl-1-(5-phenyl-1,3,4-oxadiazol-2-
yl)ethyllamino}propyl]pyrrolidin-1-yl}-5-methyl-1-axoheptan-4-yl]-N-methyl-L-valinamide

O\i
@) N
N <N
2 N
HZN/\/O\/\O/\/O\/\EN%W
| o/\‘ o O >

-~
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20 mg (0.02 mmol) of Intermediate 55 were subjedtedeductive amination in analogy to the
preparation of Intermediate 254, with benzyl (22€2-oxoethoxy)ethoxy]ethoxy}lethyl)-

carbamate (Intermediate 172) in the presence @nespyridine complex. The Z protecting group
was subsequently removed by hydrogenolysis, ustgo&lladium on carbon as catalyst and in
methanol as solvent, and 21 mg (85% of theory destages) of the title compound were

prepared.
LC-MS (Method 1): R= 0.85 min; MS (ESIpos): m/z = 1008 (M+H)

Intermediate 257

N-[2-(2-{2-[2-(2,5-Dioxo-2,5-dihydro-1H-pyrrol-1-yethoxy]ethoxy}ethoxy)ethyl]-N-methyl-L -
valyl-N-[(3R,4S,5S)-3-methoxy-1-{(2S)-2-[(1R,2R)rhethoxy-2-methyl-3-ox0-3-{[(1S)-2-phenyl-1-
(5-phenyl-1,3,4-oxadiazol-2-yl)ethylJamino}propyljpolidin-1-yl}-5-methyl-1-oxoheptan-4-yl]-N-
methyl-L-valinamide

o
N
o o N
N, S V4
N/\/O\/\O/\/O\/\'\X(N%W N
\ ‘ o /\ ‘ 0 o ~
(e]

21 mg (20.8 umol) of Intermediate 256 were takenirud ml of dioxane/water 1:1 and then
admixed with 4.9 mg (31.2 pmol) of methyl 2,5-diex&-dihydro-1H-pyrrole-1-carboxylate and
also wtih 42 ul of 1M aqueous sodium hydrogen caab® solution. The reaction mixture was
stirred at RT for 30 min. Then a further 374 pltbé 1M aqueous sodium hydrogen carbonate
solution were added, and the reaction mixture wimsed at RT for a further 30 min and then
concentrated under reduced pressure. The residigh wlmained was purified by means of
preparative HPLC. Lyophilization gave 4.5 mg (20% tleory) of the title compound, as a

colourless foam.
LC-MS (Method 1): R= 1.04 min; MS (ESIpos): m/z = 1088 (M+H)

| ntermediate 258

N-{2-[2-(2-{3-[(2,5-Dioxopyrrolidin-1-yl)oxy]-3-ox@ropoxy}ethoxy)ethoxy]ethyl}-N-methyl-L -
valyl-N-[(3R,4S,5S)-1-{(2S)-2-[(1R,2R)-3-{[(2S)-34}(benzyloxy)phenyl]-1-(1,2-oxazinan-2-yl)-
1-oxopropan-2-yllJamino}-1-methoxy-2-methyl-3-oxopsd|pyrrolidin-1-yl}-3-methoxy-5-methyl-

1-oxoheptan-4-yl]-N-methyl-L-valinamide
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This compound was prepared starting from Intermed229 by reductive alkylation using tert-
butyl 3-{2-[2-(2-oxoethoxy)ethoxylethoxy}propanoatéollowed by t-butyl ester cleavage and

conversion into the N-hydroxysuccinimide ester.
HPLC (Method 5): R=1.96 min;
LC-MS (Method 1): R= 1.11 min; MS (ESlpos): m/z = 1208 (M+H)

| ntermediate 259

N-(5-Carboxypentyl)-N-methyl-L-valyl-N-[(3R,4S,53H(2S)-2-[(1R,2R)-3-{[(2S,3E)-1,4-
diphenylbut-3-en-2-yllJamino}-1-methoxy-2-methyl-Xapropyl]pyrrolidin-1-yl}-3-methoxy-5-
methyl-1-oxoheptan-4-yl]-N-methyl-L-valinamide

3
(0] I

9.6 mg (8.4 pumol) of N-methyl-L-valylN-[(3R4S59)-1-{(29-2-[(1R,2R)-3-{[(2S3E)-1,4-
diphenylbut-3-en-2-yllJamino}-1-methoxy-2-methyl-Zapropyl]pyrrolidin-1-yl}-3-methoxy-5-
methyl-1-oxoheptan-4-yIN-methyl-L-valinamide trifluoroacetate (Intermedi&®) and 6.5 mg
(51 umol) of 6-oxohexanoic acid were taken up i® @6 of methanol and acidified with acetic
acid. Then, at room temperature, 4 ul (40 pmolpofane-pyridine complex were added. The
reaction mixture was subsequently stirred at RT2fdh. The reaction mixture was then adjusted
to a pH of 2 with trifluoroacetic acid, and puriiby means of preparative HPLC. The production
fractions were combined and concentrated and widue was lyophilized. This gave 8 mg (93%

of theory) of the title compound, as a foam.

LC-MS (Method 1): R= 1.06 min; m/z = 1019 (M+H)
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I ntermediate 260

N-{6-[(2,5-Dioxopyrrolidin-1-yl)oxy]-6-oxohexyl}-Nmethyl-L-valyl-N-[(3R,4S,5S)-1-{(2S)-2-
[(1R,2R)-3-{[(2S,3E)-1,4-diphenylbut-3-en-2-yllandj1-methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]-N-methyl-L-valinamide

0Ny o H,C CH, OHBC CH, y
I H
O\n/\/\/\N N\-)]\N N
| : | ON O NN
o] CH, O = CH, o_ O CH
* THeT cH, ® e, ’
7.5mg (7.4 umol) of Intermediate 259 were disstlwe 332 pl of DMF and admixed with
12.7 mg (110 pmol) of 1-hydroxypyrrolidine-2,5-deoand subsequently with 14 mg (37 pmol) of
O-(7-azabenzotriazol-1-yl)-N,N,N',N'-tetramethylonem hexafluorophosphate (HATU) and 6 pl
of N,N-diisopropylethylamine. After stirring at Rfbr 2 h, the reaction mixture was purified by

means of preparative HPLC. Lyophilization from dioe gave 4 mg (55% of theory) of the title

compound.
LC-MS (Method 1): R= 1.19 min; m/z = 1002 (M+H)

Intermediate 261

N-{2-[2-(2-{3-[(2,5-Dioxopyrrolidin-1-yl)oxy]-3-ox@ropoxy}ethoxy)ethoxy]ethyl}-N-methyl-L -
valyl-N-[(3R,4S,5S)-3-methoxy-1-{(2S)-2-[(1R,2R)rhethoxy-2-methyl-3-{[(1S,2R)-1-(1,2-
oxazinan-2-ylcarbonyl)-2-phenylcyclopropyllaminojeXopropyl]pyrrolidin-1-yl}-5-methyl-1-

oxoheptan-4-yl]-N-methyl-L-valinamide

o)
H,C.__CH, H,C CH, Ng
Q H i N K
N
o o o N\)J\ N o
N j(\/ \/\O/\/ \/\N . N N\[>
o h & - Osen® £
~ =
o ’ Hsc/\CHS 3 o | @

This compound was prepared starting from Intermtedié by reductive alkylation with benzyl 3-
{2-[2-(2-oxoethoxy)ethoxy]ethoxy}propanoate, subgeqt benzyl ester cleavage by

hydrogenolysis, and conversion into the N-hydroxgiuimide ester.
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HPLC (Method 5): R=1.83 min;

LC-MS (Method 1): R= 0.93 min; MS (ESlpos): m/z = 1114 (M+H)



10

15

20

25

WO 2013/087716 -352 - PCT/EP2012/075277

B: Preparation of antibody-drug conjugates (ADCS)

B-1. Generation of anti-FGFR2 antibodies
The human anti-FGFR2 antibodies M048-D01-higG1l &m@48-D01-higGl-b of the present

invention were isolated by phage display technalogsing the naive Fab antibody library
n-CoDeR from Bioinvent International AB (Lund, Svesd described in Soderling et al., Nat.
Biotech. 2000, 18:853-856). One screening hit wees garental Fab fragment M048-D01. The
variable region of the heavy chain Vh of this Fakgment is given by SEQ ID NO: 21; the
variable region of the light chain VI is given b¥Q ID NO: 22. Following identification of the

MO048-D01 Fab fragment, it was expressed under #menM048-D01-higG1-b (SEQ ID NO: 10

for the heavy chain, and SEQ ID NO: 9 for the ligh&in) in the form of human IgG. For efficient
cloning, the first three amino acids of the N-terus of the heavy chain of M048-D01-hlgG1-b
[EVQ] were also expressed, alternatively, as QVHEsTvariation gave the antibody M048-D01-
hlgG1l (SEQ ID NO: 8 for the heavy chain and SEQNOD: 7 for the light chain). The variable

regions Vh and VI of M048-D01-higG1 are given by NO: 11 and SEQ ID NO: 12; the

variable regions Vh and VI of M048-D01-hlgG1-b ggien by SEQ ID NO: 13 and SEQ ID

NO: 14. Both antibodies have the same CDR sequemd@sh are given by SEQ ID NOs: 15
(H-CDR1), 16 (H-CDR2), 17 (H-CDR3), 18 (L-CDR1), I9CDR?2) and 20 (L-CDR3).

The antibodies GAL-FR21-mIgG1 and GAL-FR22-migG2a described in W0O2010/054265 as
migGl (GAL-FR21) and migG2b (GAL-FR22). GAL-FR21 defined therein via Vh (SEQ ID
NO: 4 in WO2010/054265) and via VI (SEQ ID NO: 1 \W02010/054265), and GAL-22 is
defined via Vh (SEQ ID NO:8 in WO02010/054265) awth VI (SEQ ID NO:7 in
W02010/054265). For the studies described in tlesgnt application, VI and Vh of GAL-FR21
were reformatted into the murine IgG1 format, raésglin the antibody GAL-FR21-mIgG1l (SEQ
ID NO: 3 and SEQ ID NO: 4 of the present applicatiovl and Vh of GAL-FR22 were
reformatted into the murine 1IgG2a format, resultinghe antibody GAL-FR22-mlgG2a (SEQ ID
NO: 5 and SEQ ID NO: 6 of the present application).
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B-2. Expression of anti-FGFR2 antibodies

The antibodies M048-D01-higG1l, MO048-D01-higGl-b, IGER21-migGl and GAL-FR22-

mlgG2a were produced transiently in mammalian @dture.
The expression constructs were produced as deddsidew:

In order to transfer the Vh and VI regions of th848-D01 Fab originating from the phage display
into the 1gG format, and in order to change thereggion system fror. colito mammalian cells,

the Vh and VI sequences from the phage displagoli clone were amplified using PCR primers.
The flanking restriction enzyme cleavage sites wet®duced at the 5’ and 3’ ends both of Vh
and of VI. These restriction enzyme cleavage sitee used for the cloning of Vh and VI into an

expression vector which contained the 19G backbone.

TheE. colicells were incubated in a test tube with 100 pkafer at 95°C for 10 minutes and then
placed on ice for 5 minutes. Following brief voiitex the solution was clarified by centrifugation.
The supernatant separated off was used for DNA iéiogtion. The PCR reactions were carried
out separately for Vh and VI. This was done usipgcffic primer pairs with BamHI and Notl
cleavage sites for VI and Mfel, and Mfel and Blpgavage sites for Vh. The PCR reactions were
carried out using the AccuPrime Pfx polymerase iflagen, # 12344-024) according to
manufacturer instructions. The PCR products weralyaad on 1% agarose gels. To obtain
compatible ends, the expression vectors and PCRIupt® were digested according to
manufacturer instructions with the correspondingtrietion endonucleases at 37°C for 2 hours
(see Table 1). Digestion was halted by incubatiori04C for 15 minutes. The resulting fragments
were ligated into the expression vector, &doli or mammalian cells were transformed with the

constructs by standard methods.

The DNA sequences of the Vh and VI domains or ohglete light chains of certain antibodies
(GAL-FR21-mIgG1, GAL-FR22-migG2a and M048-D01-higB)l were synthesized by Geneart
gene synthesis and gene optimizer technology fonmeian gene expression (life technologies,
Grand Island, NY, USA). During the gene synthetlig, V domains on sequences coding for a
mammalian signal peptide were fused with upstreaozaki sequence. Flanking restriction
cleavage sites were inserted on 5 and 3’ endshef gynthesized DNA constructs. These
restriction cleavage sites were used for the cpmihthe Vh and VI or the light chains into an

expression vector which contained the coding canstgions of the IgG.

The expression vectors and the Geneart construete wigested according to manufacturer
instructions with the respective restriction enddeases at 37°C for 2 hours, to give compatible

ends (see Table 1). Digestion was halted by in¢domvaat 70°C for 15 minutes. The resulting
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fragments were ligated, atd coli cells were transformed with the ligates. Plasmigigined from

these transformants were used to transform mammedils according to standard methods.

Tablel: Restriction cleavage sites for the cloning of Vid &t or of the light chain into IgG

expression vectors

Antibody Restriction cleavage site for the clonofg

VH VL or light chain*
GAL-FR21-migG1 HindlIll — Blpl Xbal — BsiwI
GAL-FR22-migG2a HindlIll — Blpl Xbal — BsiwI
M048-D01-hlgG1# Mfel-Blpl BamHI — Notl*
M048-D01-hlgG1-b Hindlll-Blpl Xbal — Notl*

* Cloning of the complete light chain

# Cloning of the PCR product into EcoRI-Blpl andniddl-Notl-digested expression vectors.
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The antibodies were expressed transiently in marmamalkell culture, as described in Tom et al.
(Tom et al., Chapter 12 in Methods Express: ExpoasSystems, edited by Michael R. Dyson and
Yves Durocher, Scion Publishing Ltd, 2007): for theression of the anti-FGFR2 antibodies, for
example M048-D01-hlgG1, GAL-FR21-mIgG1l and GAL-FRB®G2a, HEK293 6E cells were
transfected transiently with a suitable CMV promdiased expression plasmid. The cell culture
scale was either up to 1.5 1 in a shake flask oriiG “wave-bag”. Expression took place at 37°C
for 5-6 days in F17 medium (Invitrogen) supplemdnigth tryptone TN1 (Organotechnie) with
1% “FCS ultra low IgG” (Invitrogen) and 0.5 mM vadjc acid.

Alternatively, the anti-FGFR2 antibodies, for exdenp048-D01-hlgG1-b, were expressed in a
stably transfected Chinese hamster ovary (CHO) loggd. This was done using a one-vector

system. Fermentation took place in bioreactors diffarent scale in a fed-batch process.

The parental Fab fragment M048-D01 (Vh: SEQ ID O, VI: SEQ ID NO: 22) belonging to the
M048-D01-based antibodies from the phase display @pressed as follows: 20-50 ml of LB
medium (admixed with 0.1 mg/ml ampicillin and 0.1%tucose) were inoculated with a
preliminary culture of a correspondiig coli clone, which contained the initial pBif vector, i
was lacking the genelll sequence, but which hadthadV048-D01 Fab sequence cloned into it.
Production of the sFab was started by addition.6m@M IPTG (final concentration). Incubation

took place at 30°C overnight at 250 rpm.
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B-3. Purification of the FGFR-2 antibodies

The antibodies, for example M048-D01-higG1l, M04&B0gG1l-b, GAL-FR21-migGl and
GAL-FR22-miIgG2a, were obtained from the cell cudtsupernatants. The cell supernatants were
clarified by centrifugation from cells. The cellpgrnatant was subsequently purified by affinity
chromatography on a MabSelect Sure (GE Healthadm®matography column. For this purpose,
the column was equilibrated in DPBS pH 7.4 (Signtdvigh), the cell supernatant was applied
and the column was washed with around 10 columome$ of DPBS pH 7.4 + 500 mM NacCl.
The antibodies were eluted in 50 mM Na acetate HH+3 500 mM NaCl, and subsequently
purified further by gel filtration chromatography @ Superdex 200 column (GE Heathlcare) in
DPBS pH 7.4.

The parental M048-D01 Fab fragment expressesl icoli was purified as follows: thE. coli cells
were harvested by centrifugation and lysed by iatioh at 4°C for 1 hour in lysis buffer (20%
sucrose (w/v), 30 mM TRIS, 1 mM EDTA, pH 8.0, 1 my/lysozyme (Sigma L-6876) and
2.5 U/ml Benzonase (Sigma E1014)). Thereafter #mesvolume of PBS was added. After that,
the clarified supernatant was applied to Dynabdadhis-tag isolation (Invitrogen, 101-03D) and
the mixture was swirled at 4°C for 2 hours. Thaerathe matrix was washed three times with
buffer 1 (50 mM Na phosphate buffer, pH 7.4, 300 M&CI, 5 mM imidazole, 0.01% Tween 20).
Subsequently a single washing step in buffer 2 eaasied out (PBS admixed with 0.005% of
Tween 20). Lastly, the Fabs were eluted with bufe(10 MM Na phosphate buffer, pH 7.4,
300 mM NacCl, 300 mM imidazole) and concentratedngisPBS buffer in Vivaspin 500
concentrators (cut-off 10 000, from GE, 28-9322-25)

B-4. Construction of the cross-reactivity profiletbe M048-D01-based antibodies
The cross-reactivity of the human antibodies M048IgG1l and M048-D01-higG1-b of the

present application was determined using the palrérab fragment M048-D01 (comprising Vh:
SEQ ID NO: 21 and VI: SEQ ID NO: 22).
The M048-D01 Fab fragment was tested in an ELISAbioding to the various FGF receptor

variants listed in Table 2.
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Table 2: List of recombinant proteins used for establishing the szreactivity profile of the
FGFR2 binders

Protein Origin Cat. No. (RnD Systems)
hFGFRZ3B-Fc (lllb) Human 665-FR
MFGFRZ3B-Fc (llib) Mouse 708-MF
hFGFR21-Fc (llb) Human 663-FR
hFGFRB-Fc (llic) Human 684-FR
hFGFRB-Fc (llic) Human 661-FR
hFGFRB-Fc (llib) Human 765-FR
hFGFR3-Fc (llic) Human 766-FR
hFGFR3-Fc (lllb) Human 1264-FR
hFGFR4-Fc Human 685-MF
MFGFRB-Fc (llic) Mouse 716-MF
MFGFR3-Fc (llic) Mouse 710-MF
hTRAIL-Fc Human 630-TR

All of the variants took the form of Fc fusion peats in carrier-free preparations. The proteins
were biotinylated according to manufacturer indinms, using a 2-fold molar excess of biotin-
LC-NHS (Pierce; Cat. No. 21347) and desalted usfefpa desalting columns (Pierce; Cat.
No. 89889).

For the ELISA, 96-well plates pretreated with steefrlin (Pierce, 15500) were loaded overnight
at 4°C with 1 pg/ml biotinylated protein. Wells whihad been loaded with biotinylated TRAIL-
Fc served as a reference. The next day the plates washed »8with PBST (1x PBS admixed
with 0.05% Tween 20 (Sigma, P7949)), treated withcking buffer (PBST admixed with 3%
BSA (Sigma A4503)), and again washed three timeh WBST. 100 pl of the purified Fab
(1 pg/ml) were added, and incubation was carrietd aturoom temperature for 1 hour. After
threefold washing with PBST, an HRP-coupled angighl(Fab-specific) (diluted 1:2500, Sigma,
A0293) was added, and incubation took place at reonperature for 1 hour. The colour reaction
was activated by addition of 50 pl of TMB (Inviteg, 2023) and halted after 5-15 minutes by
addition of 50 pl of SO, (Merck, 1120801000). The colour reaction was nayei at 450 nm in

a plate reader (Tecan). The signal strengths ofwtbls containing TRAIL-Fc were used as

background values, and the signal-to-backgroundsatere calculated as summarized in Table 3.
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Table 3: Summary of the ELISA data on the cross-reactivitil648-D01
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Signal-to-background ratios: 0: <2; +: 2-3; ++:;3+5+: >5

As is evident from Table 2, the M048-D01-based mdies M048-D01-hlgG1 and M048-D01-
hlgG1-b bind to human and murine FGFR2, and donslependently of whether the forms in
question are alpha or beta isoforms, or are Il Hie splice forms. As is likewise apparent from

the table, the M048-D01-based antibodies of the&ntien do not bind to FGFR1, FGFR3 and
FGFR4.

B-5. Epitope mapping by means of CLIPS technology
In order to test the binding characteristics of M@48-D01-based antibodies, an intensive epitope

mapping operation was carried out on the basisepfsan’s proprietary “Chemically Linked
peptides on Scaffolds” (CLIPS) Technologie (Timmamet al., J. Mol. Recognit. 2007, 20:283-
99). In all, 8653 different CLIPS peptides wereigeed, from 15 amino acids to 30 amino acids in
length, which cover linear, conformational and diginuous epitopes on the human FGFR2. The
peptides were synthesized on peptide arrays. Thehwantibody M048-D01-hlgG1 was tested on
the peptide arrays in an ELISA-based procedure. Jétides which gave the highest ELISA

values were analysed to isolate common, similanaracid sequences.

In order to reconstruct discontinuous epitopes hif target molecule, a library of structured
peptides was synthesized. The CLIPS technologywvallpeptides to be structured in individual
loops, double loops, triple loops, sheet-like Iqopslix-like loops, and combinations of these
structural elements: for this purpose, CLIPS temaslaare coupled to cysteine residues of the
peptide arrays. For example, a 0.5mM solution & tT2 CLIPS template 1,3-
bis(bromomethyl)benzene was dissolved in ammoniigarbonate (20 mM, pH 7.9)/acetonitrile
(1:1 (v/v)). This solution was added to the peptideays. The CLIPS template bound to the side
chains of 2 cysteines of the peptides presentdrpptide arrays (455 well plate with 3 pl wells).
The peptide arrays were cautiously swirled in tbkiteon for 30 to 60 minutes, with complete
coverage by the solution. At the conclusion, thea were washed thoroughly with water in
excess and were treated in disrupt buffer (1% SDI8% beta-mercaptoethanol in PBS (pH 7.2)) at
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70°C for 30 minutes in an ultrasound bath. Thettneat in the ultrasound bath was subsequently
repeated in water for a further 45 minutes. T3 @:-Hi¢aring peptides were prepared in a similar
way.

The binding of the antibodies to each peptide watetl in a PEPSCAN-based ELISA (Sloostra et
al., Molecular Diversity 1996, 1: 87-96). The peptiarrays were preincubated (1 h, 20°C) with
5% to 100% of binding buffer. The binding buffemststed of 1% Tween 80, 4% horse serum and
5% ovalbumin (w/v) in solution in PBS. After a wasdp step, the peptide arrays were incubated at
4°C overnight with primary antibody solution (1 Squg/ml) in 1% Tween 80 in PBS. After a
further washing step, the peptide arrays were iatat 25°C for an hour in a 1/1000 dilution of
an antibody peroxidase conjugate (anti-human-IgQ@i0% binder buffer. After a further washing
step, the peroxidase substrate 2,2’-azino-di-3He#mzothiazolinesulphonate (ABTS) and 2 pl/ml
3% strength kD, were added. After an hour, the development of woleas measured and was
guantified using a CCD camera and an image praugsyistem.

The crude data obtained in this method are optiahles which range from 0-3000 mAU (milli-
absorption-units).

The result is that all the M048-D01-based antibedimnd on an epitope which consists of the 15
N-terminal residues of FGFRZRPSFSLVEDTTLEPE). Analysis of 1257 CLIPS and linear
peptides gave consistently high ELISA values faieNninal peptides.

The N-terminal residuesRPSFSLVEDTTLEPE) are present in all splice variants of human
FGFR2, independently of alternative splicing in é&mD3, which results in the lllb and llic
isoforms. The epitope is also present if the doniinis removed from the full-length FGFR2
(FGFR2 alpha, SEQ ID NO: 1) by splicing, resultinghe shorter beta-form of FGFR2 (SEQ ID
NO: 2). In this case the epitope is situated diydmtfore the domain D2.

A matter of particular interest is the fact thae tN-terminal sequence is conserved in human,
mouse, rat and rhesus monkey. This allows the bimtad-species cross-reactivity of the M048-
D01 antibodies. The binding epitope of M048-D01&éilgand M048-D01-hlgG1-b, two example

antibodies of the present invention, is markechasstriped box in Figure 1.

B-6. General process for coupling to cysteine shlns

The antibodies used in the coupling reactions \asrmllows:
M048-D01-hlgG1
M048-D01-hlgG1-b

Added to a solution of the corresponding antibodyPBS buffer in the concentration range
between 1 mg/ml and 10 mg/ml were 3 equivalentgrig{2-carboxyethyl)phosphine hydro-
chloride (TCEP), in solution in PBS buffer, and thexture was stirred at RT for 1 hour.

Subsequently, depending on the desired loadingydest 2 and 10 equivalents of the maleimide
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precursor compound or halide precursor compounddapling from the Intermediates 102, 103,
105-109, 111-114, 117-126, 128, 129, 132-146, B=H-157, 159-161, 166, 171, 175-177, 184,
189, 194-195, 199-201, 205, 209, 223-224, 226, 2Z¥8B-236, 244 and 257 were added as a
solution in DMSO. The amount of DMSO here ought twoexceed 10% of the overall volume.
The batch was stirred at RT for 60-120 minutestaed applied to PD 10 columns (Sephat€x

25, GE Healthcare) equilibrated with PBS, and elwtéh PBS buffer. Optionally a concentration
procedure was carried out additionally by meangtoacentrifugation.

Normally, unless otherwise indicated, 5 mg of tberesponding antibody in PBS buffer were used
for the reduction and the subsequent coupling.olatig purification via the PD10 column, this
gave, in each case, solutions of the correspondd@ in 3.5 ml of PBS buffer. The particular
protein concentration indicated was then determioedhese solutions. Furthermore, the loading
of the antibody (drug/mAb ratio) was determine@acordance with the methods described below.
This process was used to prepare the immunocomsigapresented in Examples 1, 3, 5-6, 8, 10-
12, 14, 15, 27 and 32.

In the structural formulae illustrated, the defmit of AK;, and AKg is as follows

AK ;4 = anti-FGFR2 antibody M048-D01-higG1 (partiallgueed)- S&

AK ;5 = anti-FGFR2 antibody M048-D01-hlgG1-b (partiaigduced)- S§

where

g denotes the link with the succinimide group,

and

S stands for the sulphur atom of a cysteine restduhe partially reduced antibody.

B-7. General process for coupling to lysine sidaimcs:

The following antibodies were used in the coupliegctions:
M048-D01-hlgG1

M048-D01-hlgG1-b

GAL-FR21-migG1

GAL-FR22-migG2a

Added to a solution of the corresponding antibodyPBS buffer in the concentration range
between 1 mg/ml and 10 mg/ml were, depending on dbsired loading, between 2 and 5
equivalents of the precursor compound for coupfiiogn the Intermediates 104, 110, 115, 116,
127, 130, 131, 147, 156, 158, 162, 169, 178, 186, 202, 206, 210-216, 218, 219, 227, 233, 238,
240, 242, 245, 247a, 247b, 250, 251, 253, 255,&8B260-261 as a solution in DMSO. After
30 minutes of stirring at RT, the same amount etprsor compound in DMSO was added again.

The amount of DMSO here ought not to exceed 10%hefoverall volume. After a further
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30 minutes of stirring at RT, the batch was appl@&D 10 columns (Sephade®-25, and eluted
with PBS buffer. Optionally a concentration procexlwas carried out additionally by means of
ultrafiltration. If necessary, for more effectivermoval of low molecular mass constituents, the

concentration by ultrafiltration was repeated afeedilution with PBS buffer.

Normally, unless otherwise indicated, 5 mg of theresponding antibody in PBS buffer were used
for the coupling. Following purification via the BD column, this gave, in each case, solutions of
the corresponding ADC in 3.5 ml of PBS buffer. Tiperticular protein concentration indicated
was then determined for these solutions and thdirigaof the antibody (drug/mAb ratio) was

determined in accordance with the methods deschbé&mxv.

This process was used to prepare the immunocomlsigepresented in Examples 2, 4, 7, 9, 13, 16-
17, 25, 26, 28-31 and 33-35.

In the structural formulae illustrated, the defimit of AK,5, AKg, AK,p and AKse is as follows
AK 5, = anti-FGFR2 antibody M048-D01-higG1 - NH§

AK 55 = anti-FGFR2 antibody M048-D01-hlgG1-b - NH§

AK ,p = anti-FGFR2 antibody GAL-FR21-mIgG1 - NH§

AK oe = anti-FGFR2 antibody GAL-FR22-migG2a - NHS§

where

g denotes the link with the carbonyl group

and

NH stands for the side chain amino group of anlgsesidue of the antibody.

B-8. General process for preparing cysteine adducts

10 pumol of the above-described maleimide precuecsonpounds were taken up in 3 ml of DMF
and admixed with 2.1 mg (20 umol) of L-cysteine.eTieaction mixture was stirred at RT for

2 hours, then concentrated under reduced presadreudsequently purified by preparative HPLC.

In the structural formulae illustrated, the defmit of Cys is as follows
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where
g denotes the link with the linker-toxophore unit.

B-9. General process for preparing lysine adducts:

10 pmol of the above-described active ester precwusmpounds were taken up in 5 ml of DMF
and admixed, in the presence of 30 umol of N,Negiispylethylamine, withu-amino-protected
L-lysine. The reaction mixture was stirred at RT fbhours, then concentrated under reduced
pressure and subsequently purified by preparatRe@d The protective group was then removed

by known methods.

Further purification and characterization of thejogates of the invention

After reaction had taken place, in certain cases rdmction mixture was concentrated, by
ultrafiltration, for example, and then desalted gndified by means of chromatography, for
example using a Sephadex® G-25. Elution took pltie, for example, phosphate-buffered saline
(PBS). The solution was subsequently subjectedetdles filtration and freezing. An alternative

option is to lyophilize the conjugate.

B-10. Determination of the toxophore loading

The toxophore loading of the resultant solutionstied conjugates described in the working

examples, in PBS buffer, was determined as follows:

The toxophore loading of lysine-linked ADCs was etstined by mass-spectrometric
determination of the molecular weights of the indiial conjugate species. In this case, to start
with, the antibody conjugates were deglycosylatgdrieans of PNGaseF, and the sample was
acidified and, following HPLC separation, was asely by mass spectrometry using an
ESI-MicroTofQ (Bruker Daltonik). All of the spectrsiere added via the signal in the TIC (Total
lon Chromatogram), and the molecular weight ofwagous conjugate species was calculated on
the basis of MaxEnt Deconvolution. Following sigimdkegration of the different species, the DAR

(Drug/Antibody Ratio) was then calculated.

For protein identification, in addition to the molgar weight determination, a tryptic digestion

was carried out after deglycosylation and/or denragy and this digestion, after denaturing,
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reduction and derivatization, confirmed the idgntf the protein on the basis of the tryptic

peptides detected.

The toxophore loading of cysteine-linked conjugateas determined via reversed-phase
chromatography of the reduced and denatured AD@. ADC solution (1 mg/mL, 50 pL) was
admixed with guanidinium hydrochloride (GuHCI) (@8ng) and with a solution of
DL-dithiothreitol (DTT) (500 mM, 3 pL). The mixturgvas incubated at 55°C for an hour and
analysed by HPLC.

The HPLC analysis was carried out on an AgilentOLB®LC System with detection at 220 nm.
The column used was a Polymer Laboratories PLRRolynferic Reversed Phase column
(catalogue number PL1912-3802) (2.150 mm, 8 um particle size, 1000 A) with a floveraf

1 mL/min, using the following gradient: 0 min, 2334 3 min, 25 % B; 28 min, 50% B. Eluent A
consisted of 0.05% trifluoroacetic acid (TFA) intea eluent B of 0.05% trifluoroacetic acid in

acetonitrile.

The peaks detected were assigned by retentiondimmgparison with the light chain (LO) and the
heavy chain (HO) of the unconjugated antibody. Beakich were detected exclusively in the
conjugated sample were assigned to the light chaitin a toxophore (L1), and to the heavy

chains, with one, two and three toxophores (H1, ),

The average loading of the antibody with toxophomeas determined from the peak
areas determined by integration as follows: thietihain loading was calculated as the sum of the
toxophore number weighted integration results ef peaks belonging to the light chains divided
by the sum of the singularly weighted integratieaults of the peaks belonging to the light chains.
The heavy-chain loading was calculated as the duimeatoxophore number weighted integration
results of the peaks belonging to the heavy chdivided by the sum of the singularly weighted
integration results of the peaks belonging to teaviy chains. The average drug load results
therefrom as the twofold sum of light-chain loadargl heavy-chain loading. In certain individual
cases it may be impossible exactly to determinetdixephore loading, owing to co-elutions of

certain peaks.

B-11. Testing of the antigen binding of the ADC

The binding capacity of the binder to the targetanole was tested after coupling had taken place.
The skilled worker knows of diverse methods foriaeimg this — for example, the affinity of the

conjugate can be tested by means of ELISA techyotwgsurface plasmon resonance analysis
(BIAcore™ measurements). The conjugate concentratam be measured by the skilled person

using common methods — for example, for antibodyjugates, by means of protein determination
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(see also Doronina et al.; Nature Biotechnol. 200B778-784 and Polson et al., Blood 2007;
1102:616-623).
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Wor king examples - immunoconjugates

Example 1

AK ]

Coupling here was carried out using 30 mg of M04B-hIigG1l in PBS and following the
Sephadex purification the batch was concentratedltbgcentrifugation, re-diluted with PBS and

concentrated again.
Protein concentration: 15.5 mg/ml

Drug/mAb Ratio: 3.7

Example 2
CH,
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Coupling here was carried out using 32 mg of MO4B-BDIgGl in PBS and following the
Sephadex purification the batch was concentratedltogcentifugation, re-diluted with PBS and

concentrated again.
Protein concentration: 11.7 mg/ml

Drug/mAb Ratio: 3.9
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Coupling here was carried out using 30 mg of MO4B-DIgG1 in PBS and following the

Sephadex purification the batch was concentratedltbgcentrifugation, re-diluted with PBS and

concentrated again.
Protein concentration: 12.5 mg/ml

Drug/mAb Ratio: 3.7

Example 4
CH,
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Coupling here was carried out using 2 mg of M048DbD@yGl in PBS and following the

Sephadex purification the batch was concentratadtbgcentifugation and re-diluted with PBS.

Protein concentration: 1.92 mg/ml

Drug/mAb Ratio: 3.7

Example 5

AK
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Coupling here was carried out using 3 mg of M048DbB@yG1l in PBS and following the

Sephadex purification the batch was concentratadtbgcentrifugation and re-diluted.
Protein concentration: 2.54 mg/ml

Drug/mAb Ratio: 3.1

Example 6

CH,
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H
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AK 5

Coupling here was carried out using 4 mg of M048-bG1 in PBS and following the

Sephadex purification the batch was concentratagdtbgcentrifugation and re-diluted.
Protein concentration: 1.53 mg/ml

Drug/mAb Ratio: 2.7

Example 7
CH,
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o} (|3H o cle Oo._ O Osen? )
~
* he cH, ° CH, ? |
N
H
L —n

Coupling here was carried out using 5mg of M048b0yG1-b in PBS and following the

Sephadex purification the batch was concentratadtbgcentrifugation and re-diluted.
Protein concentration: 1.28 mg/ml

Drug/mAb Ratio: 6.1
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CH,
_0
H,C CH, OH3C CH, N
(0] H
H\)k \\\K
N %
AK g N/\/O\/\O/\/o\/\l?lI'(N ' '?‘ NZ (o]
z (o) (0] B
CH, O _A_ CH; O(_ O HC H
o) H.,C CH, CH, @

Coupling here was carried out using 5 mg of M048-b@G1-b in PBS and following the

Sephadex purification the batch was concentratadtbgcentifugation and re-diluted.
Protein concentration: 1.26 mg/ml

Drug/mAb Ratio: 3.5

Example 9

CH,
0O
H,C CH, H,C CH, N
0 H
H Ny,
AK o N N " 0]
I : I oL, 0
o C Cc ) o

Coupling here was carried out using 5 mg of M048-b@G1-b in PBS and following the

/

Sephadex purification the batch was concentratadtbgcentifugation and re-diluted.
Protein concentration: 1.28 mg/ml

Drug/mAb Ratio: 6.1
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Example 10

AK 5

Coupling here was carried out using 5 mg of M048b@G1-b in PBS and following the

Sephadex purification the batch was concentratadtbgcentrifugation and re-diluted.
Protein concentration: 1.36 mg/ml

Drug/mAb Ratio: 4.4

Example 11
o]
Alie o H,C CH, H,C CH, N~
o H
H N,
NS N\)]\ N - o
N x N
0 <|:H o) : cle 0 o) O\CH © &
~
3 H3C/\ H3 3 CH3 3 H3C
L —1n

Coupling here was carried out using 5mg of M048b0yG1-b in PBS and following the

Sephadex purification the batch was concentratadtbgcentrifugation and re-diluted.
Protein concentration: 1.27 mg/ml

Drug/mAb Ratio: 4.8

Example 12

H,C
CH
AK,y 5 3 0
o H,C__-CH, H,C CH, N
HNT o 0 H
H H N
N _N o) N N Y o)
N . \n/\/\N . N H
H H | H | ¢} o
(0] CH, O CH, O H, O \
N
H



WO 2013/087716 -370 - PCT/EP2012/075277

Coupling here was carried out using 5 mg of M048b@G1-b in PBS and following the

Sephadex purification the batch was concentratadtbgcentrifugation and re-diluted.
Protein concentration: 1.48 mg/ml

Drug/mAb Ratio: 4.0

Example 13

Coupling here was carried out using 5mg of M048b0yG1-b in PBS and following the

Sephadex purification the batch was concentratadtbgcentrifugation and re-diluted.
Protein concentration: 1.21 mg/ml

Drug/mAb Ratio: 1.5

Example 14
AK].B\ o)
PN j;( QL M
o) H, o
L an

Coupling here was carried out using 5 mg of M048D@G1-b in PBS and the batch, following

Sephadex purification, was concentrated by ultraifagation and re-diluted.
Protein concentration: 1.27 mg/ml

Drug/mAb Ratio: 2.7
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Example 15

CH, CH, Q
o /g H,C_-CH, H,C CcH, Ng
o} HNT o 0 H
H H
N _N o. N N ‘ [¢]
N Y \n/\/\N 5 N
0 "8 & o tn o i th oL 6 O el

: ¢ HQC/\CHQ : \CH3 3 @

Coupling here was carried out using 5 mg of M048D@G1-b in PBS and the batch, following

AR g

n

Sephadex purification, was concentrated by ultraifagation and re-diluted with PBS.
Protein concentration: 1.37 mg/ml

Drug/mAb Ratio: 3.9

Example 16

AKzD\ L‘/
O

Coupling here was carried out using 4 mg of GAL-ER2gGL1 in PBS and the batch, following

Sephadex purification, was concentrated by ultraifagation and re-diluted with PBS.
Protein concentration: 1.63 mg/ml

Drug/mAb Ratio: 8.7

Example 17

AKzE\
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Coupling here was carried out using 4 mg of GAL-ER2gG2a in PBS and the batch, following

Sephadex purification, was concentrated by ultraidagation and re-diluted with PBS.
Protein concentration: 1.60 mg/ml

Drug/mAb Ratio: 8.1

Example 18

N-(6-{[(5S)-5-Amino-5-carboxypentyl]amino}-6-oxohgR-N-methyl-L-valyl-N-[(3R,4S,5S)-1-
{(29)-2-[(1R,2R)-3-{[(2S)-3-(1H-indol-3-yI)-1-(1,2xazinan-2-yl)-1-oxopropan-2-yllamino}-1-
methoxy-2-methyl-3-oxopropyl]pyrrolidin-1-yl}-3-mkbxy-5-methyl-1-oxoheptan-4-yl]-N-methyl-

L-valinamide trifluoroacetate

CH,

H,C CH H,C CH
3 3 O 3 3 H
H H N

H,N N N N
\(\/\/ WN . N
éH 0 : éH 0 0 O\c ©
= H
~N
P e eH, 0 CH, ?

COOH (6]

\é/go
|

o

15.5 mg (15 pumol) of Intermediate 210 were takerinup ml of DMF and admixed with 4.4 mg
(18 pmol) of N-(tert-butoxycarbonyl)-L-lysine and also 7.7 uL (4ehol) of N,N-

X CF,COOH

diisopropylethylamine. The reaction mixture wasretl at RT overnight and then concentrated
under reduced pressure. The residue was subsegpenified by preparative HPLC. This gave
14 mg (81% of theory) of the protected intermediate the title compound, which was
subsequently taken up in 1 ml of dichloromethand deprotected with 1 ml of trifluoroacetic
acid. The batch was concentrated and, followingplyization of the residue from

acetonitrile/water (1:1), 15 mg (97% of theory)ttod title compound were obtained.
HPLC (Method 12): R= 1.8 min;

LC-MS (Method 1): R= 0.79 min; MS (ESIpos): m/z = 1083 (M+H)

Example 19

N-(6-{[(5S)-5-Amino-5-carboxypentyllamino}-6-oxohgR-N-methyl-L-valyl-N-[(3R,4S,5S)-1-
{(25)-2-[(1R,2R)-3-{[(1S)-1-carboxy-2-(1H-indol-3Rhethyl]amino}-1-methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]-N-methyl-L-valinamide
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CH,
H.C CH H,C CH OH
3 3 O 3 3 H
H H N
HZN N N N . o
Y\/\/ W\N . N :
COOH o) (IZH e} : (I:H o o O\CH ° )
~
* hce” DcH, ° CH, : |

N
H

40 mg (40 pmol) of Intermediate 227 were takenmup ml of DMF and admixed with 11.5 mg
(40 pmol) of N-[(benzyloxy)carbonyl]-L-lysine and also 13 puL (Bénol) of N,N-
diisopropylethylamine. The reaction mixture wasrstl at RT overnight, then concentrated under
reduced pressure and subsequently purified by pagpa HPLC. This gave 32.5 mg (70% of
theory) of the protected intermediate of the titlenpound.

This 32.5 mg of the intermediate were dissolvedOrml of methanol and, following addition of

2 mg of 10% palladium on activated carbon, wererdigeinated under standard hydrogen pressure
at RT for 30 minutes. The catalyst was then remdwediltration and the solvent was removed
under reduced pressure. Lyophilization of the ngsiftom dioxane/water 1:1 gave 26 mg (99% of

theory) of the title compound.
HPLC (Method 12): R=1.7 min;
LC-MS (Method 1): R= 0.76 min; MS (ESIpos): m/z = 1014 (M+H)

Example 20

N-[(18S)-18-Amino-18-carboxy-12-ox0-3,6,9-trioxa-A3aoctadec-1-yl]-N-methyl-L-valyl-N-
[(BR,4S,5S)-1-{(2S)-2-[(1R,2R)-3-{[(2S)-3-(1H-ind@yl)-1-(1,2-0xazinan-2-yl)-1-oxopropan-2-
ylJamino}-1-methoxy-2-methyl-3-oxopropyl]pyrrolidit-yl}-3-methoxy-5-methyl-1-oxoheptan-4-

yl]-N-methyl-L-valinamide trifluoroacetate

H3
_0
H,C.__-CH, H,C CH, N
o H
H,N N o o} H\/U\ N N\/go
> \(\/\/ \n/\/ ~ N TN \/\’|\I . ’|\| I :
COOH o) CH, O H CH, O__ O “CH
* he” cH, CH, ® |

X CF,COOH N

3.5mg (3 umol) of Intermediate 202 were taken w2 iml of DMF and admixed with 0.8 mg
(3umol) of N-(tert-butoxycarbonyl)-L-lysine and also 1.6puL (@6ol) of NN
diisopropylethylamine. The reaction mixture wasretl at RT overnight and then concentrated
under reduced pressure. The residue was taken agetonitrile/water (1:1), brought to a pH of 2

with trifluoroacetic acid and then purified by pegptive HPLC. This gave 1 mg (25% of theory)
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of the protected intermediate of the title compqumldich was subsequently taken up in 500 pl of
dichloromethane and deprotected with 500 pl ofunifoacetic acid. The batch was concentrated
and, following lypophilization of the residue fraacetonitrile/water (1:1), 1 mg (89% of theory) of

the title compound was obtained.
HPLC (Method 12): R= 1.9 min;
LC-MS (Method 1): R= 0.82 min; MS (ESIpos): m/z = 1173 (M+H)

Example 21

N-(4-{2-[6-(3-{[(2R)-2-Amino-2-carboxyethyl]sulphayt}-2,5-dioxopyrrolidin-1-yl)hexanoyl]
hydrazino}-4-oxobutyl)-N-methyl-L-valyl-N-[(3R,4S%)-1-{(2S)-2-[(1R,2R)-3-{[(2S)-1-amino-3-
(1H-indol-3-yl)-1-oxopropan-2-yllamino}-1-methoxyRethyl-3-oxopropyl]pyrrolidin-1-yl}-3-
methoxy-5-methyl-1-oxoheptan-4-yl]-N-methyl-L-vadimide

CH,
Cys.
o) H,C.__-CH, H,C CH, NH,
(0] (0] H
H H N
N _N N N ; o
N \ﬂ/\/\N Y~ N :
o . 0 (I:H 0 : (IZH o) o) O\c © S
X H
3 ~
3 |_13(:/\0_'3 CH, 3 \

N
H

10 mg (10 pmol) of Intermediate 157 were takenrup.2 ml of DMF and admixed with 2.28 mg
(20 umol) of L-cysteine. The reaction mixture waisresd at RT for 2 hours, then concentrated
under reduced pressure and subsequently purifigotdparative HPLC. This gave 5.8 mg (48% of

theory) of the title compound.

HPLC (Method 5): R= 1.45 min;

LC-MS (Method 1): R= 0.74 min; MS (ESIpos): m/z = 1184 (M+H)
Example 22

N-(4-{2-[6-(3-{[(2R)-2-Amino-2-carboxyethyl]sulphayt}-2,5-dioxopyrrolidin-1-
yl)hexanoyllhydrazino}-4-oxobutyl)-N-methyl-L-valyN-[(3R,4S,5S)-1-{(2S)-2-[(1R,2R)-3-
{[(1S)-1-carboxy-2-(1H-indol-3-yl)ethyl]amino}-1-nmboxy-2-methyl-3-oxopropyl]pyrrolidin-1-
yl}-3-methoxy-5-methyl-1-oxoheptan-4-yl]-N-methyHalinamide
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CH,
Cys
o H,C~__-CH, H,C CH, OH
(e} (e} H
H H N
N _N N N ; o
N \n/\/\N . N i
o . o) (IJH o) : cI:H o) o) O\CH ©
3 ~
3 Hac/\CH3 CH, 3 \

N
H

10 mg (10 pmol) of Intermediate 113 were takenrup.2 ml of DMF and admixed with 2.28 mg
(20 umol) of L-cysteine. The reaction mixture waisred at RT for 2 hours, then concentrated
under reduced pressure and subsequently purifiqutdparative HPLC. This gave 6 mg (54% of

theory) of the title compound.

HPLC (Method 5): R= 1.5 min;

LC-MS (Method 1): R= 0.77 min; MS (ESIpos): m/z = 1185 (M+H)
Example 23

N-[6-(3-{[(2R)-2-Amino-2-carboxyethyl]sulphanyl}-B-dioxopyrrolidin-1-yl)hexyl]-N-methyl-L-
valyl-N-[(3R,4S,5S)-1-{(2S)-2-[(1R,2R)-3-{[(1S)-1acboxy-2-(1H-indol-3-yl)ethyl]amino}-1-
methoxy-2-methyl-3-oxopropyl]pyrrolidin-1-yl}-3-mbbxy-5-methyl-1-oxoheptan-4-yl]-N-methyl-

L-valinamide
CH,
Cys
o H,C CH, H,C CH, OH
O H
H N\V/L§
N Y N B
0] CliH o} : CliH o o} O\CHO )
* He T cH, © CH, 3 \

N
H

10 mg (10 pmol) of Intermediate 124 were taken ug ml of DMF and admixed with 2.5 mg

(20 umol) of L-cysteine. The reaction mixture waisred at RT for 2 hours, then concentrated
under reduced pressure and subsequently purifiguidparative HPLC. This gave 7.2 mg (64% of

theory of the title compound.
HPLC (Method 5): R= 1.6 min;

LC-MS (Method 1): R= 0.8 min; MS (ESIpos): m/z = 1071 (M+H)
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Example 24

N-[6-(3-{[(2R)-2-Amino-2-carboxyethyl]sulphanyl}-B-dioxopyrrolidin-1-yl)hexyl]-N-methyl-L-
valyl-N-[(3R,4S,5S)-1-{(2S)-2-[(1R,2R)-3-{[(2S)-3H-indol-3-yl)-1-(1,2-0xazinan-2-yl)-1-
oxopropan-2-yllamino}-1-methoxy-2-methyl-3-oxoprdlpyrrolidin-1-yl}-3-methoxy-5-methyl-1-

oxoheptan-4-yl]-N-methyl-L-valinamide

CH,
Cys, _0
o H,C CH, H,C CH, N
o] H
H N\/g
N\/\/\/\ N\)J\ N H o
N = N E
o éH o (|3H o. O Nkl o
*hc” cow, ° CH 3 \

10 mg (10 pumol) of Intermediate 125 were takenug ml of DMF and admixed with 2.4 mg
(20 umol) of L-cysteine. The reaction mixture waisred at RT for 2 hours, then concentrated
under reduced pressure and subsequently purifigutidparative HPLC. This gave 7.7 mg (69% of

theory of the title compound.
HPLC (Method 5): R= 1.7 min;

LC-MS (Method 2): R= 1.91 min; MS (ESIpos): m/z = 1140 (M+H)

Example 25
CH,
_0
H,C CH, H,C CH, N
(0] (e} H
J\A s N HJ]\ N N o
AK, ] s~ \/\n/ \/\/\/\N g :
o (I:H o] £ (IZH (¢} O H C,o ©
* he  ew, 0 CHy ° |
N
L H _In

Coupling here was carried out using 5 mg of M048-byG1-b in PBS and the batch, following

Sephadex purification, was concentrated by ultraifagation and re-diluted.
Protein concentration: 1.27 mg/ml

Drug/mAb Ratio: 1.0
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Example 26
CH,
H,C CH, OH3C CH,
H\)J\
AK N N
ZB\\”/\/\/\N . N
¢} (liH (e} ; (liH O (0] O\CH o
* he cH, ° CH; 3
L —1n

Coupling here was carried out using 35 mg of MO48-blgG1-b in PBS and the batch, following
Sephadex purification, was concentrated by ultrfagation, re-diluted with PBS and

concentrated again.
Protein concentration: 11.60 mg/ml

Drug/mAb Ratio: 3.7

Example 27

AK g~

Coupling here was carried out using 35 mg of MO48-DIgG1-b in PBS and the batch, following
Sephadex purification, was concentrated by ultrafagation, re-diluted with PBS and

concentrated again.
Protein concentration: 11.7 mg/ml

Drug/mAb Ratio: 4.2
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Example 28

CH,
_O
H,C~__-CH, oH3C CH, N
H

Akppn | I(H\)j\ N N\/J%o
N H N H
\n/\/\/\l : | . :

) CH, oH C/—\CHCH3 O\CH3O CH, \©\
3 3
OH

L —1In

Coupling here was carried out using 5 mg of M048b@G1-b in PBS and the reaction mixture,

following Sephadex purification, was concentratgdiltracentrifugation and re-diluted with PBS.
Protein concentration: 1.31 mg/ml

Drug/mAb Ratio: 3.7

Example 29
CH,

H.C.  _CH H,C CH N

3 3 o 3 3 H

AK H N
ZB\WO\/\O/\/O\/\N N N N Y O

| I o0 o
o) CH, O = CH, O O HC
’ HSC/\CH3 : \CH3 ’ \©\
OH
L —n

Coupling here was carried out using 5 mg of M048b@G1-b in PBS and the reaction mixture,

following Sephadex purification, was concentratgdiltracentrifugation and re-diluted with PBS.
Protein concentration: 1.53 mg/ml

Drug/mAb Ratio: 1.3

Example 30

AK, ]

2B
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Coupling here was carried out using 5 mg of M048D@yG1-b in PBS and the batch, following

Sephadex purification, was concentrated by ultraifagation and re-diluted.
Protein concentration: 1.61 mg/ml

Drug/mAb Ratio: 3.9

Example 31

O7N
AKZB\\H/\/O\/\ O :':”/ \)J\ W - \N/N

/\ CH

Coupling here was carried out using 5 mg of M048-bWG1-b in PBS and the reaction mixture,

following Sephadex purification, was concentratgdiliracentrifugation and re-diluted.
Protein concentration: 1.32 mg/ml

Drug/mAb Ratio: 1.7

Example 32

CH,
H,C._ _CH H,C CH o}
o 3 3 o) 3 3 H \N
o o H\/U\ N N, S\
AKm\ N/\/ \/\o/\/ \/\'il . ’|\‘ I
N
CH, O C/\CHCH3 O\CHO CH,
3 3 3

O

_ -in

Coupling here was carried out using 5 mg of M048-D@yG1-b in PBS and the reaction mixture,

following Sephadex purification, was concentratgdiliracentrifugation and re-diluted.
Protein concentration: 1.12 mg/ml

Drug/mAb Ratio: 0.2
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Example 33
cH, Q
H,C__-CH, e CH, Ng
RN
H W\
AKzs\ N\)k N N \o
o i 6 i &n, o o Oen” :
> he” cH, ° CH, ? ::
L —1n

Coupling here was carried out using 5 mg of M048b@G1-b in PBS and the reaction mixture,

following Sephadex purification, was concentratgdiliracentrifugation and re-diluted.
Protein concentration: 1.29 mg/ml

Drug/mAb Ratio: 5.5

Example 34

CH

AKg \H/\/\/\N \)k N

L _I’]

Coupling here was carried out using 5 mg of M048b@G1-b in PBS and the reaction mixture,

following Sephadex purification, was concentratgdiliracentrifugation and re-diluted.
Protein concentration: 1.04 mg/ml

Drug/mAb Ratio: 0.5
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Example 35

CH,

0

H,C~__-CH, H,C CH, N

0 H
H\)J\ N &
AKZB\T(\/O\/\O/\/O\/\N N . N o
| : I oL O :

0 CH, O _A_ CH, O__ O “CH, :

H,C~ TCH, CH, @

Coupling here was carried out using 5 mg of M048b@mG1-b in PBS and the reaction mixture,

following Sephadex purification, was concentratgdiliracentrifugation and re-diluted.
Protein concentration: 1.66 mg/ml

Drug/mAb-Ratio: 3.4

Example 36

N-(6-{[(5S)-5-Amino-5-carboxypentyllamino}-6-oxohgR-N-methyl-L-valyl-N-[(3R,4S,5S)-1-
{(2S)-2-[(1R,2R)-3-{[(2S)-3-(4-hydroxyphenyl)-1-@s0xazinan-2-yl)-1-oxopropan-2-yllamino}-1-
valinamide trifluoroacetate

methoxy-2-methyl-3-oxopropyl]pyrrolidin-1-yl}-3-mbbxy-5-methyl-1-oxoheptan-4-yl]-N-methyl-L -
9
0
H,C CH, OH3C CH, | N
in H NL(H\_)J\N MN\E/&O
m I(\/V\éH o) : (I:H o._ O O\cHO 2
° HC H, °  CH ¢

A \©\
x CF,COOH OH

C

8 mg (8 umol) of Intermediate 242 were taken u@Biml of DMF and admixed with 2.9 mg
(12 umol) of N-(tert-butoxycarbonyl)-L-lysine and also 2.7 uL @@6w0l) of NN
diisopropylethylamine. The reaction mixture wasretli at RT overnight, then admixed again with
the same amounts oftert-butoxycarbonyl)-L-lysine ani,N-diisopropylethylamine, and stirred
at RT for a further 4 hours. The batch was subsgtyueoncentrated under reduced pressure. The
residue was then purified by preparative HPLC. Lhilipation from acetonitrile/water gave
6.5mg (72% of theory) of the protected intermesliaf the title compound, which was

subsequently taken up in 5 ml of dichloromethang @eprotected with 0.75 ml of trifluoroacetic
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acid. The batch was concentrated, and lyophiliradibthe residue from dioxane/water gave 5 mg

(76% of theory) of the title compound.
HPLC (Method 12): R= 1.7 min;
LC-MS (Method 1): R= 0.69 min; MS (ESIpos): m/z = 1059 (M+H)

Example 37

N-(6-{[(5S)-5-Amino-5-carboxypentyl]amino}-6-oxohgR-N-methyl-L-valyl-N-[(3R,4S,5S)-1-
{(29)-2-[(1R,2R)-3-{[(1S)-1-carboxy-2-(4-hydroxyphwgl)ethyllJamino}-1-methoxy-2-methyl-3-
oxopropyl]pyrrolidin-1-yl}-3-methoxy-5-methyl-1-oxweptan-4-yl]-N-methyl-L-valinamide

trifluoroacetate

H

CH,
H,C CH, o 3C CH, H OH
H H N
H,N N N N o

\(\/\/ W\/\N , N :

(I:H o) = ! H, O__ O O\CH ° )
N

° He s CH, 3

COOH o] =

PN \©\
x CF,COOH OH

C
CH,

38 mg (41 umol) of Intermediate 248 were first canted into the N-hydroxysuccinimide ester.
72 mg of the crude product obtained were takennup inl of DMF and admixed with 24 mg
(100 umol) of N-(tert-butoxycarbonyl)-L-lysine and 23 uL ®f,N-diisopropylethylamine. The
reaction mixture was stirred at RT overnight, ahdnt admixed again with 16 mg ofKtert-
butoxycarbonyl)-L-lysine and 12 pL of N-diisopropylethylamine, and subsequently treatednn
ultrasound bath for a further 2 hours. The batch thian concentrated under reduced pressure and
the residue was purified by preparative HPLC. Lybpdtion from acetonitrile/water gave 20 mg

(50% of theory) of the protected intermediate &f title compound.

15 mg (12 pmol) of this intermediate were subsetip¢aken up in 3 ml of dichloromethane and
admixed with 1 ml of trifluoroacetic acid. After 40inutes of stirring at RT, a further 1.5 ml of
trifluoroacetic acid were added and the batch waatéd in an ultrasound bath for 1 hour.
Thereafter the batch was concentrated, and lyagiiidin of the residue from dioxane/water gave

13 mg (90% of theory) of the title compound.
HPLC (Method 12): R= 1.5 min;

LC-MS (Method 1): R= 0.68 min; MS (ESIpos): m/z = 990 (M+H)
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C: Evaluation of biological activity:

The biological effect of the compounds of the ini@mwas demonstrated by the assays described

below:

C-1. Identification of tumour cells with differeRIGFR2 levels on the cell surface

To determine the amounts of FGFR2 available forathigbody on the cell surface, the cell binding
of the FGFR2 antibody on different tumour cell Bneas analysed in flow cytometry. The cell
lines below were used for the experiments. Therinédion on mutations and copy number of the

FGFR2 comes from the Sanger Center Genome Project:

- SNU-16 human stomach carcinoma cells, FGFR2 gene amgilific (copy number 14; ATCC-
CRL-5974, RPMI 1640 (Biochrom FG1215) + 10% FCS

- Katolll human stomach carcinoma cells, FGFR2 gene angilific (copy number 14 ATCC-
TCP-1008; Iscove’s (Biochrom FG0465) + 20% FCS

- SUM52-PE human breast cancer cells, FGFR2 gene amplifitaicopy number 14; Asterand
Lot No.: 28062A1-6004; Ham’s F12 (Biochrom FG08455% FCS + 10 mM Hepes buffer +

1 pg/ml hydrocortisone + 5 pg/ml insulin

- MEM-223 human breast cancer cells, FGFR2 gene amplificgtopy number 14; ECACC-
98050130, MEM Earle (Biochrom F0315) + 10% FCS R2gilutamine

- NCI-H716 human colorectal carcinoma cells, FGFR2 gene &icgtion (copy number: 8;
ATCC-CCL-251; RPMI 1640 (Biochrom FG1215) + 10%%)

- MDA-MB-231 human breast cancer cells (ho FGFR2 gene ampidicacopy number 3;
ATCC-HTB-26, DMEM/HAM’s F12 (Biochrom FG4815) + 10BCS

For the experiments, adherent cells were washedetwith PBS (without calcium (€3 and
magnesium (M§) ions and detached using enzyme-free, PBS-baskddissociation buffer
(Invitrogen). Approximately k 10° cells per well were suspended in FACS buffer (RBSBout
Ccd* and Md" with 3% FCS (Biochrom)), followed by centrifugati¢250 g, 5 min, 4°C), and the
supernatant was discarded. The cells were resusgendntibody dilutions (5 pg/ml in 80 pl) in
FACS buffer, and incubated on ice for 1 hour. Nélg cells were washed once with 100 ul of
cold FACS buffer and 80 pl of 1:150 diluted secagdantibodies (PE-coupled goat anti-mouse
IgG, Jackson Immuno Research #115-115-164 for GRREFmIgG1 and for GAL-FR22-mlgG2a,
and PE-coupled goat anti-human IgG, Dianova #1@a98 for M048-D01-hlgG1) were added.
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Following incubation on ice for 1 hour, the cellene again washed with cold FACS buffer,
resuspended in 100 pl of FACS buffer, and analyisedn FACS array flow cytometer (BD
Biosciences). The results were calculated as tloengeic average value of the cell population
detected with FGFR2 antibody, minus the backgrofindrescence, which was measured by
incubating the cell population only with the secarndantibody. The values were analysed by the
following system: geometric average value FGFR2bardly minus geometric average value only
secondary antibody > 10 +, > 100 ++, > 1000 +++10800 ++++, -: no signal. Values in the

vicinity of the category limits are marked with ().

The binding of FGFR2 antibodies to tumour cellm@icated in Table 4:

Table4
M048-D01-hlgG1 GAL-FR21-migGl| GAL-FR22-migG2a
MFM-223 +++ +++ +++
SNU-16 ++(+) ++(+) ++
MDA-MB-231 - nd nd”

D nd: not determined

The FGFR2 antibodies detect FGFR2 on the cell sarfd MFM-223 and SNU-16 cancer cells.

C-2. Determination of the cytotoxic effect of th®8s directed against FGFR2

The cytotoxic effect of the FGFR2 ADCs was deteediron various cell lines with different

expression quantities of FGFR2, as follows:

The cells were cultured according to a standarchatgtusing the growth media indicated under
C-1. For the implementation, the cells were detdchi¢h a solution of trypsin (0.05%) and EDTA
(0.02%) in PBS (Biochrom AG #L.2143), pelletizedsuspended in culture medium, counted, and
seeded into a 96-well culture plate with a whiteebgCostar #3610) (at 75 pl/well, following cell
counts per well: SNU-16: 3000; MFM-223: 7000; MDABM231: 4000; SUM52-PE: 3000; NCI-
H716: 3000; Katolll: 3000) and incubated in an ipator at 37°C under 5% carbon dioxide. After
24 hours, the antibody-drug conjugates in 25 pdudfure medium (four-fold concentration) were
applied to the cells, giving final antibody-drug njsgate concentrations of X310’ M to

3x 10™ M on the cells (triplicates). The cells were thecubated in an incubator at 37°C and 5%
carbon dioxide. In a parallel plate, the cell vitaht the beginning of drug treatment (day 0) was
determined using the Cell Titer Glow Luminescentl G&ability Assay (Promega #G7573 and
#G7571). For this, 100 pl of the substrate wereeddger cell batch, and the plates were then

covered with aluminium foil, shaken at 180 rpm wétiplate shaker for 2 minutes, left to stand on
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the laboratory bench for 8 minutes, and then megsusing a luminometer (Victor X2, Perkin
Elmer). The substrate detects the ATP contenterlitting cells, producing a luminescence signal
whose level is directly proportional to the vitglinf the cells. After 72 hours of incubation with
the antibody-drug conjugates, the vitality was deteed in these cells as well, using the Cell
Titer Glow Luminescent Cell Viability Assay as dabed above. From the data measured, the
ICso of growth inhibition was calculated in comparistnthat on day 0, using the laboratory
software MTS (developed by Schering AG and Bayesifess Services 1999-2009) on the basis

of a 4-parameter adaptation.

Table 5 below lists the kgvalued of representative working examples from this assay

Table5
MDA- SUM52-PE, | NCI-H716, Katolll,
SNU- MFM- MB-231, |IC50, 72 hr | IC50, 72 hr IC50, 72 hr
16, 223, IC50, 72 | [nM] [nM] [nM]
IC50, 72| IC50, 72| hr
Example hr [nM] | hr [nM] | [nM]
1 0.214| 0.0907 > 300
2 1.19 0.86 > 300
3 0.15 0.195 > 300
4 0.567 1.47 > 300
5 0.496 4.00 > 300
6 0.497 6.85 > 300
7 0.209 0.628 > 300
8 2.06 8.67 256
9 2.05 4.78 230
10 0.519 10.3 > 300
11 0.614 0.581 80.9
12 0.389 0.145 > 300
13 0.254 0.431 6.61
14 0.914 1.91 67.5
15 16.6 16.9 > 300
16 <0.03] 0.0788 > 300
17 0.0616 0.278 > 300
26 0.455 na > 248 <0.097 4.69 na
27 0.159 0.109 > 248 <0.053 0.517 0.198
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28 0.277 na na 0.101 na na
29 1.70 na na 0.106 na na
30 1.84 9.16 > 248 0.244 na na
31 5.88 na na na na na
32 > 300 na na na na na
33 8.50 na 128 0.104 na 0.920
34 7.41 na > 248 3.37 na na
35 na na > 248 0.105 na 0.523

Y The activity data reported relate to the workimgraples described in the present experimental
section, with the drug/mAB ratios indicated. Thdues may possibly deviate for different

drug/mAB ratios.

Working Example 1 inhibited the proliferation ofett6NU-16 and MFM-223 cancer cell lines
which expresses FGFR2 at the cell surface, wittCa0 in the subnanomolar concentration range.
Working Example 1 inhibited the proliferation oettMDA-MB-231 cancer cell line which do not
express FGFR2 at the cell surface, with an IC5B0&f nM. As is apparent from the data, all tested
antibody-drug conjugates (Working Examples 1-31338Bselectively inhibit the proliferation of
FGFR2-expressing cancer cell lines (SNU-16, MFM;ZA3M52-PE, Katolll or NCI-H716).

C-3. Determination of the effect on tubulin polyization

Cancer cells are denatured cells which frequeetiy Ito the formation of tumours also as a result
of increased cell division. Microtubuli form theisgle fibres of the spindle apparatus and are an
essential constituent of the cell cycle. The reaaconstruction and breakdown of microtubuli
allows the precise division of the chromosomes amtire daughter cells, and constitutes a
continuously dynamic process. Disruption to thisaiyic process results in incorrect cell division
and ultimately in cell death. The increased callsion of cancer cells, however, also makes them
particularly sensitive towards spindle fibre poispmwhich constitute a fixed constituent of
chemotherapy. Spindle fibre poisons such as paelitar epothilone lead to a sharply increased
polymerization rate of the microtubuli, while vinedkaloids or else monomethylauristatin E
(MMAE) lead to a sharply reduced polymerizationeraf the microtubuli. In both cases, the

necessary dynamism of the cell cycle is criticdisrupted.

Tubulin  polymerization was investigated using thd-lubrescence-based Microtubule
Polymerisation Assay Kit" from Cytoskeleton (Denv@olorado, USA; order number: BKO11).
With this assay, GTP is added to unpolymerized linpallowing polymerization to take place

spontaneously. The assay is based on the binditigedfuorophore 4',6-diamidino-2-phenylindole
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(DAPI) to tubulin. Free and bound DAPI can be digigiated on the basis of different emission
spectra. Since DAPI exhibits a significantly higfiraty for polymerized tubulin in comparison to
non-polymerized tubulin, the tubulin polymerizatian be followed via the increase in the

fluorescence of bound DAPI fluorophores.

For the implementation of this assay, the compowfdke invention, in solution in DMSO, were
diluted from their initial concentration of 10 mMd L UM in water. In addition to the buffer
control, paclitaxel, with a polymerization-increagieffect, and vinblastin, with a polymerization
inhibiting effect, were run additionally as assayntrols. Measurement was carried out using 96-
well plates with a half base area. The kineticshef tubulin polymerization were monitored in a
Fluorimeter at 37°C for 1 hour. The excitation wlawgth was 355 nm, and emission was
monitored at 460 nm. For the region of linear iase within the first 10 minutes, a calculation
was made of the change in fluorescence per mimEé(in), which represents the polymerization
rate of the microtubuli. The potency of the tedbstances was quantified on the basis of their
respective reduction of the polymerization ratebl&ab below gives data for the influence of

representative working examples on tubulin polyaagion.

Table 6: Blockade of tubulin polymerization by selectedmapdes of toxophore variants.

Working example Concentration of Tubulin polymerization in the
presence of toxophore in [%].
toxophore . o
Tubulin polymerization rate at
[LM] 1 pM MMAF set at 100%
MMAF 1 100
MMAF 10 34
MMAF 100 0
18 1 45
18 10 1
19 1 80
19 10 14
20 1 60
20 10 0
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Working example Concentration of Tubulin polymerization in the
presence of toxophore in [%].
toxophore . o
Tubulin polymerization rate at
[LM] 1 uM MMAF set at 100%
21 1 88
21 10 25
22 1 109
22 10 27
24 1 121
24 10 35
36 1 88
36 10 21
37 1 90
37 10 17

The MMAF toxophore and the working examples inhtlibulin polymerization as a function of
their concentration. At 100 uM MMAF, the tubulin Ipmerization is inhibited completely. The

compounds investigated in the context of the preisemention result in a reduced polymerization
rate of the microtubuli. Working Examples 18-21ibihthe tubulin polymerization at 1 uM to

45-88% of the value measured for 1 uM MMAF.

C-4. Invitro tests for determining cell permeability

The cell permeability of a substance can be ingatd by means df vitro testing in a flux assay
using Caco-2 cells [M.D. Troutman and D.R. ThakRdrarm. Res20(8), 1210-1224 (2003)]. For
this purpose, the cells were cultured for 15-16sdaty 24-well filter plates. For the determination
of permeation, the respective working example wadiad in a HEPES buffer to the cells either
apically (A) or basally (B) and incubated for 2 rmuAfter 0 hours and after 2 hours, samples
were taken from the cis and trans compartments.stingples were separated by HPLC (Agilent

1200, Boéblingen, Germany) using reverse phase ecduifhe HPLC system was coupled via a
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Turbo lon Spray Interface to a Triple Quadropol snsisectrometer AP1 4000 (Applied Biosystems
Applera, Darmstadt, Germany). The permeability exeuated on the basis of g,Ralue, which
was calculated using the formula published by S¢hetaal [D. Schwabet al, J. Med. Chermd6,
1716-1725 (2003)].

Of critical importance for toxophores which areeaded intracellularly is the permeability from B
to A [Py (B-A)]: the lower this permeability, the longerethresidence time of the working
example in the cell following intracellular releas@d hence also the longer the time available for

interaction with the biochemical target (in thiseatubulin).

Table 7 below sets out permeability data for regméstive working examples from this assay:

Table7
Working example Papp (B-A)
[nm/g]
18 2
19 1
21 2
22 2
23 1
36 15
37 0.9

The working examples exhibit a low permeabilityrfird to A [Py, (B-A) and therefore have a
long residence time in the CaCo-2 cells. In congmerj monomethylauristatin E (MMAE) and
monomethylauristatin F (MMAF) in this test exhikitP,, (B-A) value of 73 nm/s, and therefore

have a significantly shorter residence time in@ago-2 cells.

C-5. In vitro tests for determining the substrate propertie$fgtycoprotein (P-gp)

Many tumour cells express transporter proteinsdinrgs, and this frequently accompanies the
development of resistance towards cytostatics. t8abss which are not substrates of such
transporter proteins, such as P-glycoprotein (PegiBCRP, for example, could therefore exhibit

an improved activity profile.
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The substrate properties of a substance for P-g8CB1) were determined by means of a flux
assay using LLC-PK1 cells which overexpress P-gM@QR1 cells) [A.H. Schinkekt al., J. Clin.
Invest. 96, 1698-1705 (1995)]. For this purpose, the LUCtPcells or L-MDR1 cells were
cultured on 96-well filter plates for 3-4 days. Fmtermination of the permeation, the respective
test substance, alone or in the presence of abiiohi(such as Ivermectin or Verapamil, for
example), was applied in a HEPES buffer to thescelther apically (A) or basally (B) and
incubated for 2 hours. After 0 hours and after @repsamples were taken from the cis and trans
compartments. The samples were separated by HPInQ usverse phase columns. The HPLC
system was coupled via a Turbo lon Spray Intertaca Triple Quadropole mass spectrometer
API 3000 (Applied Biosystems Applera, Darmstadtrr@any). The permeability was evaluated on
the basis of a &, value which was calculated using the formula miigd by Schwabet al [D.
Schwabet al., J. Med. Chenm46, 1716-1725 (2003)].

Of critical importance for toxophores which aresaded intracellularly is the permeability from B
to A [P (B-A)]: the lower this permeability, the longeretiresidence time of the working
example in the cell following intracellular releas@ed hence also the longer the time available for

interaction with the biochemical target (in thiseatubulin).

Table 8 below lists permeability data for repreawé working examples from this assay, which

was carried out in L-MDR1 cells:

Table8
Working example Papp (B-A)
[nm/g]
18 6
19 4
21 3
22 4
23 4

The working examples exhibit a low permeabilityrfrd to A [Py, (B-A) and therefore have a

long residence time in the L-MDR1 cells.
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C-6. Pharmacokinetics in the SNU-16 tumour model

Following intravenous administration of various A§)Ghe plasma concentrations and tumour
concentrations of ADC and also of potential metdbslare measured and the pharmacokinetic

parameters such as clearance (CL), area undeuthe GAUC) and half-life ¢,) are calculated.

Analysis for quantifying the potentially occurringetabolites

The measurement of the compounds in plasma andututakes place following precipitation of
the proteins with methanol, by means of high-prestiquid chromatography (HPLC) coupled to a

tandem mass spectrometer (MS).

For the processing of 100 pL of plasma, it is admixvith 400 pL of methanol and 10 pL of
internal standard (ISTD, 50 ng/mL in methanol) ahdken for 10 seconds. After centrifuging for
5 minutes at 16 000 g, 250 pL of supernatant amesferred to an autosampler vial, which was

made up with 250 pL of ammonium acetate buffer (AACmM, pH 6.8) and shaken again.

For the processing of a tumour, it is admixed witimes the amount of methanol. In a Tissuelyser
Il (Quiagen), the sample is comminuted at 30 impgoer minute for 6 minutes and then
centrifuged off at 16 000 g for 5 minutes. 50 pL thie supernatant are transferred to an
autosampler vial and made up with 50 pL of ammonawetate buffer (10 mM, pH 6.8) and with

5 uL of ISTD. After again being shaken, the tumsample is ready for measurement.

The measurement of both matrix samples takes plastly, with the aid of an HPLC-coupled,
atmospheric pressure ionization/tandem mass speeteo by means of a Turbo lon Spray
Interface (TISP) on an API4000 instrument from SCIE

HPLC/LC-MSMS (TISP) analysis runs on an HP1100 pupagilent) with a Gemini column
(5um C18 110 A, 58 3 mm, Phenomenex).

C-7. Activity test in vivo

The activity of the conjugates of the invention wasted in vivo by means for example of
xenograft models. The skilled person knows of meshia the prior art for testing the activity of a
conjugate of the invention (see, for example, W052081711; Polson et al., Cancer Res. 2009
Mar 15;69(6):2358-64). For this purpose, for exanpbdents (e.g. mice) were implanted with a
tumour cell line which expresses the target mokeaidlthe binder. These tumour-carrying rodents
were subsequently administered either a conjugateh® invention or a control antibody
conjugate, or isotonic salt solution. Administratitook place singly or more often. The tumour

growth was determined twice a week by means ofidingl caliper. After a tumour growth of
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several weeks, the tumour size of conjugate-treatsalals and the control group was compared.

The conjugate-treated animals showed a signifigdoiver tumour size.

C-7a. Testing of ADCs in experimental tumours ie thouse

Human tumour cells which express FGFR2 were indedlaubcutaneously into the flank of
immunosuppressed mice, such as nude mice or SGiB. rhi10 million cells are detached from
the cell culture, centrifuged and resuspended %@ pl of medium, 50% medium/50% Matrigel

or 100% Matrigel. The cell suspension was injettedeath the skin of the mouse.

Within a few days, a tumour grew. Treatment begaearlier than at a tumour size of 20-25 mm?

after establishment of a tumour.

Treatment with conjugate took place via the intrentes route into the caudal vein of the mouse.

The conjugate was dissolved in PBS and is admieidteith a volume of 5-10 ml/kg.

The treatment scheme was governed by the pharnmeatideé of the antibody. As a standard,
treatment took place three times following everyrfo day or every seventh day. Treatment,
however, may also be continued further, or a secyol with three days of treatment may follow

at a later point in time.

As a standard basis, 8 animals were used per teatgroup. This number may be higher if
particularly strong fluctuations in tumour growth aiter treatment are anticipated. As well as the
groups which receive the active substances, ongpgis a control group, was treated only with

the buffer, in accordance with the same scheme.

In the course of the experiment, the area of timeotu was measured regularly using a sliding
caliper in two dimensions (length/width). The amdahe tumour was calculated by means of the

formula lengthx width.

At the end of the experiment, the tumours were redcand weighed. The ratio of the average
tumour weights for the therapy group (T) to thetoangroup (C) was expressed as T/C. If control
and treatment groups finished at different timégntthe T/C value was calculated using the

tumour areas of the last common measurement tkaliment and control groups.

C-7b. Testing of FGFR2-ADC in the SNU-16 xenogmatidel in the mouse

Two million SNU-16 stomach carcinoma cells wereculated subcutaneously into the flank of

female NODscid mice.
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Intravenous treatment with the conjugates was camoegk at an average tumour size of
20-30 mm. When the control groups had reached the maximermigsible size, these groups
were ended. The experimental groups treated witfrHZ5conjugates were ended when the
tumours began to grow again. The activity of thejegates was determined on day 31, the last
point in time at which the vehicle control waslstilthe experiment. All of the FGFR2 conjugates
tested inhibited tumour growth in a dose-dependeanner. At a dose of 5 mg/kg, Example 1
achieved a T/C of 0.08, Example 3 a T/C of 0.06 Brdmple 26 a T/C of 0.10. For all of the
animals treated, the tumour at this point in timesvemaller than at the beginning of treatment
(partial regression of the tumour). At a dose &frag/kg, Example 26 achieved a T/C of 0.14. At
this dose, Example 26 led to partial regressiod0fo of the animals. At the dose of 1 mg/kg,
Example 1 achieved a T/C of 0.15 and Example 338.0At this dose as well, Example 1 leads to
partial regression in all of the animals treatediemeas in the case of Example 3 no partial
regressions were obtained. Significant anti-tumeffect in comparison to the control was
achieved for all of the conjugates tested, up tdose of 1 mg/kg. The corresponding control

antibody-conjugates showed no activity at all iis thodel at the same doses.

C7c Testing of FGFR2-ADC in the MEM-223 xenogr aft model in the mouse

10 million MFM-223 breast carcinoma cells were ialated subcutaneously into the flank of

female NMRI nu/nu mice. These mice had been supgiéed beforehand with estradiol pellets.

Intravenous treatment with the conjugates was camew at an average tumour size of
30-35 mm. When the control groups had reached the maximemmigsible size on day 40, all of
the treatment groups were ended and the tumourhtgeigere ascertained. Example 26, with a
dose of 10 mg/kg, achieved a T/C of 0.09, a T/0.b8 at a dose of 5 mg/kg and a T/C of 0.26 at a
dose of 1 mg/kg. Significant anti-tumour effectdomparison to the control was achieved for all
three doses tested. The corresponding control @itilconjugate showed a significant non-

specific effect in this model only at the dose 0fmig/kg.

C7d Testing of FGFR2-2 ADC in the NCI-H 716 xenogr aft model in the mouse

1.5 million NCI-H716 intestinal carcinoma cells wenoculated subcutaneously into the flank of

female NMRI nu/nu mice.

Intravenous treatment with the conjugates was camoegk at an average tumour size of
25-30 mmM. When the control groups had reached the maximemmigsible size on day 36, all of

the treatment groups were ended and the tumourhigeiggere ascertained. Treatment with
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Example 26 resulted in a significant reduction umour weight, achieving a T/C of 0.24 at

5 mg/kg. At this dose, the corresponding contraljegate had no activity at all in this model.
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D. Working examplesfor pharmaceutical compositions

The compounds of the invention can be convertddlksvs into pharmaceutical preparations:
i.v. Solution:

The compound of the invention is dissolved at aceatration below the saturation solubility in a
physiologically tolerated solvent (e.g. isotonidirsa solution, D-PBS, or a formulation with
glycine and sodium chloride in citrate buffer wilddition of polysorbate 80). The solution is

subjected to sterile filtration and dispensed sitrile and pyrogen-free injection containers.
i.v. Solution:

The compounds of the invention can be convertenltimt administration forms cited. This can be
accomplished in a known way by “mixing with” or %diolving in” inert, non-toxic,

pharmaceutically suitable excipients (e.g. buffeubssances, stabilizers, solubilizers,
preservatives). The following, for example, may fiesent: amino acids (glycine, histidine,
methionine, arginine, lysine, leucine, isoleucitiereonine, glutamic acid, phenylalanine and
others), sugars and related compounds (glucosehaase, mannitol, trehalose, sucrose,
mannose, lactose, sorbitol), glycerol, sodium s@tdassium, ammonium salts and calcium salts
(e.g. sodium chloride, potassium chloride or digodiydrogenphosphate and many others),
acetate/acetic acid buffer systems, phosphate rosiftems, citric acid and citrate buffer systems,
trometamol (TRIS and TRIS salts), Polysorbates. (®glysorbate 80 and Polysorbate 20),
Poloxamers (e.g. Poloxamer 188 and Poloxamer, Magrogols (PEG derivatives, e.g. 3350),
Triton X-100, EDTA salts, glutathione, albuminsgehuman), urea, benzyl alcohol, phenol,

chlorocresalmetacresol, benzalkonium chloride and many others.

L yophilizate for subsequent conversion into ani.v., s.c. or i.m. solution:

Alternatively the compounds of the invention maycbaverted into a stable lyophilizate (possibly
with the aid of abovementioned excipients) andptebeing administered, reconstituted with a

suitable solvent (e.g. injection-grade water, in@@aline solution) and administered.
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Claims

1. Binder-drug conjugates of the general formida (

AK—

H,C _R* °
SN
—G—LLB—LZ—N:;(N x
S o
H,C

CH,

H

.C
|CH 0 o)
CH
® TCH,

3 N

3 CH

3

(1a),

5 in which

AK

is a number from 1 to 50,

is a binder which binds to FGFR2,

the group §-G-L-B-8§ is a linker,

10

15

20

where
8§ marks the linkage site with the group AK and
8§ marks the linkage site with the nitrogen atom,

is linear (G-C,o)-alkanediyl or is a group of the formula

##3'\/\} /\/],##4
O p

where
p is a number from 2 to 6,
##°  marks the linkage site with the group B,

# marks the linkage site with the nitrogen atom,

where (G-Cyg)-alkanediyl may be substituted by 1 to 4 substitseselected
independently of one another from the group coimgjsdbf methyl, hydroxy and
benzyl,
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and

where two carbon atoms of the alkanediyl chaif,#, 1,3- or 1,4-relation to one
another, with inclusion of any carbon atoms sitdabetween them, may be

bridged to form a (&Cs)-cycloalkyl ring or a phenyl ring,

is a group of the formula

0 # Tt # R
N >< \ or
3 3
R R

#%O ’ R T2

Rl R2
where
# marks the linkage site with the nitrogen atom,

R' is hydrogen or methyl,

R? is isopropyl, isobutylsecbutyl, tert-butyl, phenyl, benzyl, 1-hydroxyethyl,
4-hydroxybenzyl, 4-hydroxy-3-nitrobenzyl, 4-hydreyaminobenzyl, 1-
phenylethyl, diphenylmethyl, H-imidazol-4-ylmethyl or H-indol-3-
yimethyl,

or

R'and R together with the carbon atom to which they avaded form a

(1S,2R)-2-phenylcyclopropane-1,1-diyl group of the foriaul

4

Hal

3

"

in which
# marks the linkage site with the adjacent nitrogtim,

# marks the linkage site with the carbonyl group,
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the ring A with the N-O moiety present therein dsmono- or bicyclic,

optionally substituted heterocycle of the formula

RG

2 0 Q £ o o [&
N Ng Ng
|6 |6

|
®£ ., #© ,  #

=0

#—2

5 in which
# marks the linkage site with the carbonyl group,
R® is hydrogen, hydroxy or benzyloxy,
R? is hydrogen or methyl,

R is isopropyl, isobutylsecbutyl, tert-butyl, phenyl, benzyl, 1-hydroxyethyl,
10 4-hydroxybenzyl, 4-hydroxy-3-nitrobenzyl, 4-hydreyaminobenzyl, 1-
phenylethyl, diphenylmethyl, H-imidazol-4-ylmethyl or H-indol-3-

yimethyl,
or
R®and R together with the carbon atom to which they avaded form a
15 (1S2R)-2-phenylcyclopropane-1,1-diyl group of the foriaul

7

#\A R

in which
# marks the linkage site with the adjacent nitrogtim,

# marks the linkage site with the grouh T
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is a group of the formula -C(=0)-GRC(=0)-NRR®, -C(=0)-NH-NH-R®
or -CH-O-R",

in which

R’ is hydrogen, methyl, ethyln-propyl, tert-butyl, benzyl or

adamantylmethyl,
R® is hydrogen or methyl,
R® is hydrogen, methyl, ethyh-propyl or benzyl,
or

R® and R together with the nitrogen atom to which they lameded form a

4-to 7-membered heterocycle,
R  is benzoyl,

R'"  is benzyl, which may be substituted in the pheggbup by

methoxycarbonyl or carboxyl,

is hydrogen, methyl or a group of the formula

Q. 0
. o \//

#_ O #\ S ,

o o #2 O RY
#\/\Rlz #\/\R12 or \( W/
N—N

in which
# marks the linkage site with -CHCRT?,

R is phenyl which may be substituted by methoxycayhacarboxyl
or a group of the formula —S(E@H,

R is phenyl which may be substituted by methoxycayboor

carboxyl,

is hydrogen or hydroxy,
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T is phenyl, benzyl, H-indol-3-yl or H-indol-3-yImethyl,
R®*®  is methyl or hydroxy,
and also their salts, solvates and solvates ofdlis.
2. Binder-drug conjugates of the general formud éiccording to Claim 1, in which
n is a number from 1 to 50,
AK is AK; or AK;
where

AK; is a binder which binds to FGFR2 and is bondedavsallphur atom of the
binder to the group G,

AK, is a binder which binds to FGFR2 and is bondedcaungtrogen atom of the
binder to the group G,

G when AK = Ak, is a group of the formula

o 0 HO
#- #- N,#2 0
H
N—#’ H # N—#’
O
O ’ OH ’ ©
2
#
1
O
where
# marks the linkage site with the sulphur atom oftihreler,

# marks the linkage site with the group L
or
when AK = AK,, is carbonyl,

Lt is a bond, linear (££C,p)-alkanediyl, a group of the formula
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1 2
N o o e

##t

LlA

10

15

is a number from 2 to 6,

marks the linkage site with the group G,
marks the linkage site with the group B,
is linear (G-Cyp)-alkanediyl,

is a group of the formula

0 o) 0
5
i )k #H#° Jk L2 )k i
N Nig 2 NT N L6
| 29 | 3 | 31 éSZ

0

R R R

_S.___H#
# S

or
in which
##°  marks the linkage site with the group'LL

##°  marks the linkage site with the grouff’L

L® is a bond or (§C,)-alkanediyl,

LS is a bond or a group of the formula
33
R
- HN
i J}O
8 8
0] ## or
##7&/ Y #H >_ g
34 o
R 0]
in which

#'  marks the linkage site with the carbonyl group,
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##®  marks the linkage site with't,

R3 is hydrogen, (&C,)-alkylcarbonyl, tert-butyloxycarbonyl

or benzyloxycarbonyl,
R* s hydrogen or methyl,
R®  is hydrogen or (§C,)-alkyl,
R®  is hydrogen or (GC,)-alkyl,
or

RPand R°  together with the atoms to which they are borfdeah a 5-

or 6-membered heterocycle,
R*  is hydrogen or (GC,)-alkyl,
R*?  is hydrogen or (§C,)-alkyl,
or

R and R?  together with the atoms to which they are borfdeah a 5-

or 6-membered heterocycle,

is linear (G-C,q)-alkanediyl,

where (G-Cyp)-alkanediyl may be substituted by 1 to 4 substitseselected

independently of one another from the group coimgjsdbf methyl, hydroxy and

benzyl,

and

where two carbon atoms of the alkanediyl chaid,®y 1,3 or 1,4-relation to one

another, with inclusion of any carbon atoms sitdabetween them, may be

bridged to form a (6&Cs)-cycloalkyl ring or a phenyl ring,

B is a bond or a group of the formula
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O O O O
" )k *k )k L3 )_L *k ),L Ne) *k
\ITI ITI/ . II\I/ \ll\l L4/ . Ql Y
R14 R15 R16 R17 O
20
ll? 0
. le *k % N *% . /**
TN K N
o 1 R18 R19 o ’ R21 Rzz H ’
36
0 0 R
A J
*% *%x O
. Nﬁ(o « N/ ) *%
H 23 24 | * Y
R 27
R o) , R R37 o
where
* marks the linkage site with'|_
5 *x marks the linkage site with3.
P is O or NH,
L3 is a bond or (§C,)-alkanediyl,
L is a bond or a group of the formula
28
R
s HN
HN J:>70
JY O *kkk Or Skh >_****
*%k%
R25 I‘( O
10 in which

***  marks the linkage site with the carbonyl gm
x  marks the linkage site with f,

R®  is hydrogen or methyl,
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RS is hydrogen, (&Cy)-alkylcarbonyl, tert-butyloxycarbonyl or

benzyloxycarbonyl,
is a 4- to 7-membered heterocycle,
is a 3- to 7-membered carbocycle or a 4- to 7-negetbheterocycle,
is hydrogen or (&Cy)-alkyl,

is hydrogen or (&Cy)-alkyl,

R“and R°  together with the atoms to which they are boriedh a 5- or 6-

RlG

Rl7

or

membered heterocycle,
is hydrogen or (GCy)-alkyl,

is hydrogen or (&Cy)-alkyl,

R®and R’  together with the atoms to which they are bonidech a 5- or 6-

RlS

R19

RZO

or

membered heterocycle,
is hydrogen or (EC,)-alkyl,

is hydrogen or the side group of a natuoabmino acid or of its

homologues or isomers,

is hydrogen or (GCy)-alkyl,

R?and R®  together with the atoms to which they are bondedn a

R21

R22

or

pyrrolidinyl ring,
is hydrogen or (&Cy)-alkyl,

is hydrogen or (&Cy)-alkyl,
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R'and B?  together with the atoms to which they are bonaethfa 3- to 7-

membered carbocycle,
R®  is (C-Cy-alkyl,
R*  is hydrogen or (GC,)-alkyl,
R’ is hydrogen or (GC,)-alkyl,

R* is hydrogen, (§Cy-alkylcarbonyl, tert-butyloxycarbonyl or benzyl-

oxycarbonyl,
R  is hydrogen or methyl,
or

R®¥and R’  together with the atoms to which they are bondedn a

pyrrolidine ring,

is linear (G-C,q)-alkanediyl or is a group of the formula

p is a number from 2 to 6,
##°  marks the linkage site with the group B,

# marks the linkage site with the nitrogen atom,

where (G-C,g)-alkanediyl may be substituted by 1 to 4 substitsieselected
independently of one another from the group coimgjsdbf methyl, hydroxy and
benzyl,

and

where two carbon atoms of the alkanediyl chaif,®t, 1,3- or 1,4-relation to one
another, with inclusion of any carbon atoms sitdabetween them, may be

bridged to form a (6&Cs)-cycloalkyl ring or a phenyl ring,

is a group of the formula
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A 3 1 # R
_0O # T
N >< \ or
3 3
R R
#%O ' R T2
R" R’
in which
# marks the linkage site with the nitrogen atom,

R! is hydrogen or methyl,

R? is isopropyl, isobutylsecbutyl, tert-butyl, phenyl, benzyl, 1-hydroxyethyl,
4-hydroxybenzyl, 4-hydroxy-3-nitrobenzyl, 4-hydre®yaminobenzyl, 1-
phenylethyl, diphenylmethyl, H-imidazol-4-ylmethyl or H-indol-3-
yimethyl,

or

R'and B together with the carbon atom to which they avaded form a

(1S 2R)-2-phenylcyclopropane-1,1-diyl group of the for@ul

4

#: o

in which
# marks the linkage site with the adjacent nitrogtm,
# marks the linkage site with the carbonyl group,

the ring A with the N-O moiety present therein dsmono- or bicyclic,

optionally substituted heterocycle of the formula
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R6

2 o) Q E o or
N~ N~ N~
|6 g |6

# ) # ) #

Z-0

H—

in which
# marks the linkage site with the carbonyl group,
R® is hydrogen, hydroxy or benzyloxy,

5 R? is hydrogen or methyl,

R is isopropyl, isobutylsecbutyl, tert-butyl, phenyl, benzyl, 1-hydroxyethyl,
4-hydroxybenzyl, 4-hydroxy-3-nitrobenzyl, 4-hydreyaminobenzyl, 1-
phenylethyl, diphenylmethyl, H-imidazol-4-ylmethyl or H-indol-3-

yimethyl,
10 or
R*and R together with the carbon atom to which they avaded form a
(1S2R)-2-phenylcyclopropane-1,1-diyl group of the forul
#12§§$
in which
15 # marks the linkage site with the adjacent nitrogtim,

# marks the linkage site with the grouh T

T is a group of the formula -C(=0)-GRC(=0)-NRR®, -C(=0)-NH-NH-R®
or -CH,-O-RY,

in which
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R’ is hydrogen, methyl, ethyln-propyl, tert-butyl, benzyl or

adamantylmethyl,
R? is hydrogen or methyl,
R® is hydrogen, methyl, ethyh-propyl or benzyl,
or

R®and R together with the nitrogen atom to which they boaded

form a 4- to 7-membered heterocycle,
R s benzoyl,

R™  is benzyl, which may be substituted in the phegsdup by

methoxycarbonyl or carboxyl,

is hydrogen, methyl or a group of the formula

Q. 0
9 Y
#\/O #\/S ,

9 O 13
9 9 # R
#\/\Rlz #\/\R12 or \< W/
N—N

in which
# marks the linkage site with -CHCRT?,

R is phenyl which may be substituted by methoxycayhacarboxyl
or a group of the formula —S()H,

R is phenyl which may be substituted by methoxycayboor

carboxyl,
is hydrogen or hydroxy,

is phenyl, benzyl, H-indol-3-yl or IH-indol-3-ylmethyl,

R*® is methyl or hydroxy,

and also their salts, solvates and solvates oddlis.
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3. Binder-drug conjugates of the general formudd diccording to Claim 1 or 2, in which
n is a number from 1 to 20,
AK is AK; or AK;
where
5 AK; is a binder which binds to FGFR2 and is bondedhgasulphur atom of a
cysteine residue of the binder to the group G,
AK, is a binder which binds to FGFR2 and is bondedhéaNH side group of
a lysine residue of the binder to the group G,
G when AK = AK, is a group of the formula
0O
#1
N—#
10 O
in which
# marks the linkage site with the cysteine residuthefbinder,
# marks the linkage site with the group L
or
15 when AK = AK;, is carbonyl,
Lt is a bond, linear (£Ce)-alkanediyl, a group of the formula
##l\/\f O/\/]ﬁ]##z or LB By
where
m is a number from 2 to 6,
20 ##'  marks the linkage site with the group G,

H marks the linkage site with the group B,
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LY s linear (G-Cg)-alkanediyl,
B is a group of the formula

O
5 6 6
##\ )k A Jk /Ls\ )k -
N N #
| 29 | 30

N Y L
R® R R* R

or

in which
5 ##°  marks the linkage site with the group*'L.

##°  marks the linkage site with the grouf’L

L° is a bond,
LS is a bond or a group of the formula
33
R
HN™ H/D70
8 8
0] ## or
@)
R* 0
10 in which

##'  marks the linkage site with the carbonyl group,
##®  marks the linkage site with't,
R3 is hydrogen, methylcarbonyl or tert-butyloxycarpion
R*  is hydrogen or methyl,
15 R®  is hydrogen,
R®  is hydrogen,

R*  is hydrogen or methyl,



WO 2013/087716 -411 - PCT/EP2012/075277

R?  is hydrogen or methyl,
L™ s linear (G-Cs)-alkanediyl,
and
where (G-Cy)-alkanediyl may be substituted by 1 or 2 methyistituents,
5 B is a bond or a group of the formula
@] 0] 0] 0]
*\NLN/** *)kN/Ls\N)kL‘V** . Ql’OY**
||?l4 F|'215 | 16 | 17

R R O

ITZO o (o)
*XNY** *%N/** *)L NOY“
R® R o ’ R 2» H 1 23 R*

N
H
YR R o)
36
0] R
)k HN™
*% r
* ITI/ ° *)YOY**
27
R R37 o

where

* marks the linkage site with'L-

*x marks the linkage site with3.
10 L3 is a bond or ethane-1,2-diyl,

L is a bond or a group of the formula

28
R
J\/O Fokkk or kd Hkkk
*%k%
25 Y O
R (@]

in which
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R16

Rl7
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***  marks the linkage site with the carbonyl gm

**  marks the linkage site with f,

R®  is hydrogen or methyl,

R®  is hydrogen, methylcarbonyl or tert-butyloxycarplon
is a 4- to 7-membered heterocycle,

is hydrogen,

is hydrogen,

is hydrogen or methyl,

is hydrogen or methyl,

R'®and R’  together with the atoms to which they are bondedn a

RlS

R19

RZO

or

piperazinyl ring,
is hydrogen,

is hydrogen, methyl, propan-2-yl, 2-methylpropayl-dr 1-methylpropan-
1-yl,

is hydrogen or methyl,

R?and R®  together with the atoms to which they are bondedn a

R21

R22

or

pyrrolidinyl ring,
is hydrogen or methyl,

is hydrogen or methyl,

R'and R*  together with the atoms to which they are bondedmf a

R23

cyclopropyl ring,

is methyl,
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R*  is hydrogen or methyl,
R s hydrogen,
R is hydrogen, methylcarbonyl or tert-butyloxycarpion
R s hydrogen or methyl,
5 or

R*and R’  together with the atoms to which they are bondedn a

pyrrolidine ring,

L? is linear (G-Cg)-alkanediyl or is a group of the formula

##B\/\Po /\/]6##4

10 where
p is a number from 2 to 6,
##°  marks the linkage site with the group B,
# marks the linkage site with the nitrogen atom,

where (G-Cyp)-alkanediyl may be substituted by 1 or 2 methyistiluents,

15 D is a group of the formula
A 3 5
1

N < or

# R® R* 26 2

o) , R T
R' R?
where
# marks the linkage site with the nitrogen atom,

R is hydrogen,
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R? is 1-hydroxyethyl, benzyl, 4-hydroxybenzyl, 1-phlkthyl or 1H-indol-3-
yimethyl,

or
together with the carbon atom to which they avaded form a

R'and R
(1S,2R)-2-phenylcyclopropane-1,1-diyl group of the foraul

#i‘®£

in which

# marks the linkage site with the adjacent nitrogtm,

marks the linkage site with the carbonyl group,

#

with the N-O moiety present therein dsmono- or bicyclic,

10 the ring A
optionally substituted heterocycle of the formula

R6
Z \ o)
O [:A\l o o ﬂfg:]
N~ N~ N~
|6 |6 ]

I
N °
marks the linkage site with the carbonyl group,

#¥—2

in which

#6
15 R® is hydrogen, hydroxy or benzyloxy,
R? is hydrogen,

R is 1-hydroxyethyl, benzyl, 4-hydroxybenzyl, 1-pkksthyl or H-indol-3-
ylmethyl,

or
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R*and R together with the carbon atom to which they avaded form a

(1S2R)-2-phenylcyclopropane-1,1-diyl group of the forul

7

#\‘ R

in which
5 # marks the linkage site with the adjacent nitrogtm,
# marks the linkage site with the grouh T

T is a group of the formula -C(=0)-ORC(=0)-NRR’, -C(=0)-NH-NH-R®
or -CH,-O-RY,

in which

10 R’ is hydrogen, methyl, ethyln-propyl, tert-butyl, benzyl or

adamantylmethyl,
R® is hydrogen or methyl,
R® is hydrogen, methyl, ethyh-propyl or benzyl,
or

15 R®and R together with the nitrogen atom to which they boaded

form a 4- to 7-membered heterocycle,
R s benzoyl,

R'™ is benzyl, which may be substituted in the phegsdup by

methoxycarbonyl or carboxyl,

20 R® is hydrogen, methyl or a group of the formula
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(OO
9 9 \//
#\/O #\/S ’

o o #2 O RE
#\/\Rlz #\/\Rlz or \< W/
N—N

in which
# marks the linkage site with -CHC{RT?,

R is phenyl which may be substituted by methoxycayhacarboxyl
or a group of the formula —S(E@H,

R is phenyl which may be substituted by methoxycayboor

carboxyl,
R?®  is hydrogen or hydroxy,
T is phenyl, benzyl, H-indol-3-yl or H-indol-3-yImethyl,
R*®  is methyl or hydroxy,
and also their salts, solvates and solvates dddlie.

4, Binder-drug conjugates of the general formué éccording to any of Claims 1 to 3, in

which
n is a number from 1 to 10,
AK is AK; or AK,

where

AK; is a binder which binds FGFR2 and is bonded veaghlphur atom of a

cysteine residue of the binder to the group G,

AK, is a binder which binds FGFR2 and is bonded viaNHK side group of a

lysine residue of the binder to the group G,

G when AK = AK, is a group of the formula
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10

15

0
#l
N—#’
@)
in which
# marks the linkage site with the cysteine residuthefbinder,

# marks the linkage site with the group L
or
when AK = AK,, is carbonyl,

is a bond, linear (£Cg)-alkanediyl, a group of the formula

##\/\E /\/}/##2
O m

where

m is a number 2 or 3,

##'  marks the linkage site with the group G,

H marks the linkage site with the group B,

where (G-C¢)-alkanediyl may be substituted by 1 or 2 methydsituents,

is a bond or a group of the formula

R R @)
O O
O *%
*%N/** or *)LHN Y
H 23 24
R21 Rzz R R o)
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where
* marks the linkage site with'-
*x marks the linkage site with3.

L3 is a bond or ethane-1,2-diyl,

L is a bond or a group of the formula
28
R
J\/O Fohkk or kh Fkkok
*k% T
O

R® 0

in which

***  marks the linkage site with the carbonyl gm
**  marks the linkage site with f,
R®  is methyl,
RS is hydrogen, methylcarbonyl or tert-butyloxycarplion
Q' is piperidine-1,4-diyl,
R'®  is hydrogen or methyl,
R  is hydrogen or methyl,
or

R°and R’  together with the atoms to which they are bondedn a

piperazinyl ring,
R is hydrogen or methyl,
R?  is hydrogen or methyl,
or

R'and B?  together with the atoms to which they are bondednfa
cyclopropyl ring,
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L2
5
D
10
15

R®  is methyl,
R*  is hydrogen,

is linear (G-Cg)-alkanediyl or is a group of the formula

##3\40 /\/]5##4

where

p is a number from 2 to 6,

##°  marks the linkage site with the group B,

#H marks the linkage site with the nitrogen atom,

is a group of the formula

A 3 1 # R
or

3 3 4

# R™ R
O ’

R R’
where
# marks the linkage site with the nitrogen atom,

R is hydrogen,

R? is 1-hydroxyethyl, benzyl, 4-hydroxybenzyl, 1-pkthyl or 1H-indol-3-
yimethyl,

or

R'and R together with the carbon atom to which they avaded form a

(1S,2R)-2-phenylcyclopropane-1,1-diyl group of the foraul
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ey :tt#
I: 2
3+

in which
# marks the linkage site with the adjacent nitrogtm,
# marks the linkage site with the carbonyl group,

with the N-O moiety present therein dsmono- or bicyclic,

5 the ring A
optionally substituted heterocycle of the formula

R6
Z \ o)
o] Q o o [&l
N~ N~ N~ N
|6 |6 #6

#® 3

H+

# 1

in which

# marks the linkage site with the carbonyl group,

10 R® is hydrogen, hydroxy or benzyloxy,
R? is hydrogen,

R is benzyl, 1-hydroxybenzyl, 1-phenylethyl dd-indol-3-ylmethyl,

or
R®and R together with the carbon atom to which they amaded form a
(1S,2R)-2-phenylcyclopropane-1,1-diyl group of the foraul

15
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5 T
10

R5
15
20
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in which
# marks the linkage site with the adjacent nitrogtm,
# marks the linkage site with the grouh T
is a group of the formula -C(=0)-ORC(=0)-NRR®, or -CH-O-R",
in which

R’ is hydrogen, methyl, ethyln-propyl, tert-butyl, benzyl or

adamantylmethyl,
R® is hydrogen or methyl,
R’ is hydrogen, methyl, ethyh-propyl or benzyl,

R'™ is benzyl, which may be substituted in the phegsdup by

methoxycarbonyl or carboxyl,

is hydrogen, methyl or a group of the formula

in which
# marks the linkage site with —-CHG@bhenyl,

R'? is phenyl which may be substituted by methoxycayhacarboxyl
or a group of the formula —S(@H,

R™ is phenyl which may be substituted by methoxycayboor

carboxyl,

R*® is methyl or hydroxy,
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and also their salts, solvates and solvates ofdlts.

5. Binder-drug conjugates of the general formu&g éccording to any of Claims 1 to 4, in

which
n is a number from 1 to 10,
5 AK is AK,
where

AK, is a binder which binds FGFR2 and is bonded viaNHK side group of a

lysine residue of the binder to the group G,

G is carbonyl,
10 Lt is a bond,
B is a bond,
L2 is linear (G-Cg)-alkanediyl or is a group of the formula
3 4
H# Hit
\/\PO/\/]E
where
15 p is a number 2 or 3,

##°  marks the linkage site with the group B,
# marks the linkage site with the nitrogen atom,

D is a group of the formula
o) BT
7
N or >< .

20 where
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# marks the linkage site with the nitrogen atom,
R is hydrogen,

R? is benzyl or H-indol-3-ylmethyl,

or

5 R'and B together with the carbon atom to which they avaded form a
(1S,2R)-2-phenylcyclopropane-1,1-diyl group of the foraul

4

#: o

in which
# marks the linkage site with the adjacent nitrogtm,
10 # marks the linkage site with the carbonyl group,

the ring A with the N-O moiety present therein dsmono- or bicyclic,

optionally substituted heterocycle of the formula

@

N

|
5

in which
15 # marks the linkage site with the carbonyl group,
R? is hydrogen,
R is benzyl, 4-hydroxybenzyl oHtindol-3-ylmethyl,
or

R*and R together with the carbon atom to which they avaded form a

20 (1S,2R)-2-phenylcyclopropane-1,1-diyl group of the foraul
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in which
# marks the linkage site with the adjacent nitrogtm,
# marks the linkage site with the grouh T
5 T is a group of the formula -C(=0)-ORr -C(=0)-NFR®
in which

R’ is hydrogen, methyl, ethyln-propyl, tert-butyl, benzyl or

adamantylmethyl,
R® is hydrogen,
10 R® is hydrogen or benzyl,
R®  is methyl,
and also their salts, solvates and solvates ofdtis.

6. Binder-drug conjugates of the general formué lccording to any of Claims 1 to 5, in

which
15 n is a number from 1 to 10,
AK is AK
where

AK; is a binder which binds FGFR2 and is bonded veaghlphur atom of a

cysteine residue of the binder to the group G,

20 G is a group of the formula
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Ll

0
#l
N—#’
@)
where
# marks the linkage site with the cysteine residuthefbinder,

# marks the linkage site with the group L

is a bond, linear (£Cs)-alkanediyl or a group of the formula

##\/\f /\/}/##2
@) m

where

m is a number 2 or 3,

##'  marks the linkage site with the group G,

HE marks the linkage site with the group B,

where (G-Cs)-alkanediyl may be substituted by 1 or 2 methydssituents,

is a bond or a group of the formula

R
where
* marks the linkage site with'L_
ok marks the linkage site with3.

L3 is a bond or ethane-1,2-diyl,

L is a bond or a group of the formula
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28

R
HN™
O *kkk
*kk Y
R® O
in which

***  marks the linkage site with the carbonyl gm
*%  marks the linkage site with f,
5 R s methyl,
R®  is hydrogen, methylcarbonyl or tert-butyloxycarpion
R'® is hydrogen or methyl,
RY  is hydrogen or methyl,
or

10 Rand R’  together with the atoms to which they are bondedn a

piperazinyl ring,

L2 is linear (G-Cs)-alkanediyl or is a group of the formula

##3\/\PO /\46##4

where
15 p is a number 2 or 3,
##°  marks the linkage site with the group B,
# marks the linkage site with the nitrogen atom,

D is a group of the formula
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A 1
_0O BT
N or >< A
#3 R® R
O
R' R’
where
# marks the linkage site with the nitrogen atom,
R is hydrogen,
5 R? is benzyl or H-indol-3-ylmethyl,
or
R'and R together with the carbon atom to which they amaded form a
(1S,2R)-2-phenylcyclopropane-1,1-diyl group of the foraul
#:4 R
10 in which
# marks the linkage site with the adjacent nitrogtim,
# marks the linkage site with the carbonyl group,
the ring A with the N-O moiety present therein dsmono- or bicyclic,
optionally substituted heterocycle of the formula
6
15 #

in which
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# marks the linkage site with the carbonyl group,
R? is hydrogen,
R is benzyl, 4-hydroxybenzyl oHtindol-3-ylmethyl,
or

5 R®and R together with the carbon atom to which they amaded form a

(1S,2R)-2-phenylcyclopropane-1,1-diyl group of the foraul

7

# \z ‘\\\#8

in which
# marks the linkage site with the adjacent nitrogtm,
10 # marks the linkage site with the group T
T is a group of the formula -C(=0)-ORr -C(=0)-NRR®,
in which

R’ is hydrogen, methyl, ethyln-propyl, tert-butyl, benzyl or

adamantylmethyl,
15 R® is hydrogen,
R® is hydrogen or benzyl,

R®  is methyl,
and also their salts, solvates and solvates ofdtis.

7. Binder-drug conjugates of the general formtda (
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15
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CH,
H,C _R” H,C CH,
0 H
H N
1 2 N\)k N ~D
AK——G—L=—B—L=N : N
H, O<_. O Oscn,
® TCH, :

C

in which
n is a number from 1 to 50,
AK is a binder which binds to FGFR2,

the group §-G-L-B-8§ is a linker,

where
8§ marks the linkage site with the group AK and
88 marks the linkage site with the nitrogen atom,
L? is linear (G-C,g)-alkanediyl or is a group of the formula
3 4
Ht #H
\/\PO/\%E
where
p is @ number from 2 to 6,

##°  marks the linkage site with the group B,
#¥  marks the linkage site with the nitrogen atom,

where (G-Cyg)-alkanediyl may be substituted by 1 to 4 substitsieselected
independently of one another from the group coingjsvf methyl, hydroxyl and
benzyl,

and
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where two carbon atoms of the alkanediyl chaid,®?y 1,3 or 1,4-relation to one
another, with inclusion of any carbon atoms sitdabetween them, may be

bridged to form a (6Cs)-cycloalkyl ring or a phenyl ring,

D is a group of the following formula, where *tiee linkage site to the nitrogen atom

and also their salts, solvates and solvates ofdlts.

8. Compounds of the following formula

where AK is a binder which binds FGFR2, and n rmueber from 1 to 10, and also their

10 salts, solvates and solvates of the salts.

9. Compounds of the following formula

CH,
_0O
H,C CH, H,C CH, N
o) H
H N
AK N N ¥ [0)
\ﬂ/\/\/\N . N :
- | O -
H3

HC” CH, CH,

N
H
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where AK is an antibody or an antibody fragmentchhbinds FGFR2, and n is a number

from 1 to 10, and also their salts, solvates aimhges of the salts.

10. Compound of the following formula
AKzA\ W \/&
L —1n
5 where AK2A is M048-D01-hilgG1l and n is a number frénto 10, and also their salts,

solvates and solvates of the salts.

11. Compound of the following formula

H,C CH
AKZB\\”/\/\/\NL‘/ \/g
|
O CH, O
H,C

where AK2B is M048-D01-hlgG1-b and n is a numbenirl to 10, and also their salts,

10 solvates and solvates of the salts.

>w

12. Compounds of the formula (XXXa)

O
Cys %
N—L=B—L* N

(@] H,

(XXXa),
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in which

Cys s a cysteine residue which is bonded via thehsir atom of the side chain to a

carbon atom of the succinimide,

Lt is a bond, linear (£2C,p)-alkanediyl, a group of the formula
##l\/\fo/\/]r/n##z or LB By
5
where
m is a number from 2 to 6,
##'  marks the linkage site with the group G,
HE marks the linkage site with the group B,
10 LY s linear (G-Cyo)-alkanediyl,
B' is a group of the formula
0O 0 o]
##iN)kN/#6 or ##EJKN/LS\NJKLG’##6
F|'229 ||?3O F|'231 ||?32
in which
##°  marks the linkage site with the group'L
15 ##°  marks the linkage site with the grouffL

L® is a bond or (§C,)-alkanediyl,
L is a bond,

R®  is hydrogen or (GC,)-alkyl,
R*  is hydrogen or (GC,)-alkyl,

20 or
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R®and R°  together with the atoms to which they are boriedh a 5- or 6-

membered heterocycle,
R is hydrogen or (GC,)-alkyl,
R*?  is hydrogen or (GC,)-alkyl,
5 or

R*and R?  together with the atoms to which they are bonidech a 5- or 6-

membered heterocycle,
L® s linear (G-C,o)-alkanediyl,
and

10 where (G-C,g)-alkanediyl may be substituted by 1 to 4 substitsiselected independently

of one another from the group consisting of methytiroxy and benzyl,
and

where two carbon atoms of the alkanediyl chaifi,®y 1,3 or 1,4-relation to one another,

with inclusion of any carbon atoms situated betwtm, may be bridged to form ax{C

15 Ce)-cycloalkyl ring or a phenyl ring,
B is a bond or a group of the formula
0 @) 0
*\NJKN/** *)kN/L?’\N)kLM**
| 14 ||?15 | 16 | 17

*%* *%*
*)L 1’O or *)k 7~

where
* marks the linkage site with'L_

20 ok marks the linkage site with3.
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P is O or NH,

L3 is a bond or (§C,)-alkanediyl,

L* is a bond,
Q' is a 4- to 7-membered heterocycle,
(07 is a 3- to 7-membered carbocycle or a 4- to 7-negetbheterocycle,

R*“  is hydrogen or (GC,)-alkyl,
R™  is hydrogen or (GC,)-alkyl,
or

R“and R°  together with the atoms to which they are bonidech a 5- or 6-

membered heterocycle,
R is hydrogen or (GC,)-alkyl,
RY  is hydrogen or (GC,)-alkyl,
or

R®and R’  together with the atoms to which they are bonidech a 5- or 6-

membered heterocycle,
R'® is hydrogen or (GCy)-alkyl,

R is hydrogen or the side group of a natucabmino acid or of its

homologues or isomers,
R®  is hydrogen or (GC,)-alkyl,
or

R?and R®  together with the atoms to which they are bondedn a
pyrrolidinyl ring,

R is hydrogen or (GC,)-alkyl,
R?  is hydrogen or (GC,)-alkyl,

or
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5
L2

10

15
D

20

R'and B?  together with the atoms to which they are bonaethfa 3- to 7-

membered carbocycle,
R®  is (C-Cy-alkyl,
R*  is hydrogen or (GC,)-alkyl,
R’ is hydrogen or (GC,)-alkyl,

is linear (G-C,q)-alkanediyl or is a group of the formula

##Mo /\/]5##4

where
p is a number from 2 to 6,
##°  marks the linkage site with the group B,

i marks the linkage site with the nitrogen atom,

where (G-Cyg)-alkanediyl may be substituted by 1 to 4 substitsieselected
independently of one another from the group coimgjsdbf methyl, hydroxy and
benzyl,

and

where two carbon atoms of the alkanediyl chaif,®, 1,3- or 1,4-relation to one
another, with inclusion of any carbon atoms sitdabetween them, may be

bridged to form a (6&Cs)-cycloalkyl ring or a phenyl ring,

is a group of the formula

A 1 #2 R’
_0 B2 T
N < or
# R® R’
o R T?
R' R’

where

# marks the linkage site with the nitrogen atom,
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R! is hydrogen or methyl,
R? is isopropyl, isobutylsecbutyl, tert-butyl, phenyl, benzyl, 1-hydroxyethyl,
4-hydroxybenzyl, 4-hydroxy-3-nitrobenzyl, 4-hydre®yaminobenzyl, 1-
phenylethyl, diphenylmethyl, H-imidazol-4-ylmethyl or H-indol-3-
5 yimethyl,
or
R'and R together with the carbon atom to which they avaded form a
(1S,2R)-2-phenylcyclopropane-1,1-diyl group of the foriul
#:4 R
10
in which
# marks the linkage site with the adjacent nitrogtim,
# marks the linkage site with the carbonyl group,
the ring A with the N-O moiety present therein dsmono- or bicyclic,
15 optionally substituted heterocycle of the formula
R6
o]
Z o) Q £ o) or [& ]
A )
# o, # o, # #
in which
# marks the linkage site with the carbonyl group,
20 R® is hydrogen, hydroxy or benzyloxy,
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R? is hydrogen or methyl,

R is isopropyl, isobutylsecbutyl, tert-butyl, phenyl, benzyl, 1-hydroxyethyl,
4-hydroxybenzyl, 4-hydroxy-3-nitrobenzyl, 4-hydre®yaminobenzyl, 1-
phenylethyl, diphenylmethyl, H-imidazol-4-ylmethyl or H-indol-3-
5 yimethyl,

or

R®and R together with the carbon atom to which they avaded form a
(1S,2R)-2-phenylcyclopropane-1,1-diyl group of the foriaul

7

#\‘ o

10 in which
# marks the linkage site with the adjacent nitrogtm,
# marks the linkage site with the grouh T

T is a group of the formula -C(=0)-ORC(=0)-NRR’, -C(=0)-NH-NH-R®
or -CH,-O-RY,

15 in which

R’ is hydrogen, methyl, ethyln-propyl, tert-butyl, benzyl or

adamantylmethyl,
R? is hydrogen or methyl,
R® is hydrogen, methyl, ethyh-propyl or benzyl,
20 or

R®and R together with the nitrogen atom to which they baoaded

form a 4- to 7-membered heterocycle,

R s benzoyl,
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R  is benzyl, which may be substituted in the pheggbup by

methoxycarbonyl or carboxyl,

R® is hydrogen, methyl or a group of the formula
. . A

o o #2 O R
#\/\Rlz #\/\R12 or \( W/
N—N

5 in which
# marks the linkage site with -CHCRT?,

R is phenyl which may be substituted by methoxycayhacarboxyl
or a group of the formula —S()H,

R is phenyl which may be substituted by methoxycayboor
10 carboxyl,

R?*® s hydrogen or hydroxy,
T is phenyl, benzyl, H-indol-3-yl or IH-indol-3-ylmethyl,
R*® is methyl or hydroxy,
and also their salts, solvates and solvates ofdlis.
15 13. Compounds of the formula (XXXa) according tai@ 12, in which

Cys s a cysteine residue which is bonded via thehsir atom of the side chain via a

carbon atom of the succinimide,

Lt is a bond, linear (£Cg)-alkanediyl, a group of the formula

1 2
d \/\fo/\/]fn## or i — B By

20 where
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##!

#P

LlA

Bl

LlB

and

is a number 2 or 3,

marks the linkage site with the group G,
marks the linkage site with the group B,
is linear (G-Cg)-alkanediyl,

is a group of the formula

O (0] 0]
5
##\T)kl?l/#f _ ##JK'T‘/LS\']‘ )kl_e’##(a
R29 R30 R31 R32
in which
##°  marks the linkage site with the group*'L.
##°  marks the linkage site with the grouffL
L® is a bond,
L® is a bond,
R® s hydrogen,
R* s hydrogen,
R is hydrogen or methyl,
R  is hydrogen or methyl,

is linear (G-Cg)-alkanediyl,

where (G-Cg)-alkanediyl may be substituted by 1 or 2 methyistituents,

B

is a bond or a group of the formula



10

15

WO 2013/087716

L2

- 440 -

0O (@) 0]
e e
\N N/ . N/ \N I_4/

|14 |15 |1e |17

R R R R

Mol
A oh o
H 24

rR? R o
where

* marks the linkage site with'L-

*x marks the linkage site with3.

L3 is a bond or ethane-1,2-diyl,

L* is a bond,

R*“  is hydrogen,

R® s hydrogen,

R'®  is hydrogen or methyl,

R  is hydrogen or methyl,

PCT/EP2012/075277

or

R®and R’  together with the atoms to which they are borfdeah piperazinyl
ring,

R®  is methyl,

R*  is hydrogen or methyl,

is linear (G-Cg)-alkanediyl or is a group of the formula

##Mo /\/}5##4

where
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p is a number 2 or 3,
##°  marks the linkage site with the group B,

#H marks the linkage site with the nitrogen atom,

is a group of the formula

N #><T4 or

# marks the linkage site with the nitrogen atom,
R is hydrogen,

R? is 1-hydroxyethyl, benzyl, 4-hydroxybenzyl, 1-pkthyl or 1H-indol-3-
yimethyl,

or

R'and B together with the carbon atom to which they avaded form a

(1S,2R)-2-phenylcyclopropane-1,1-diyl group of the foraul

4

Ha

3

"

in which
# marks the linkage site with the adjacent nitrogtim,
# marks the linkage site with the carbonyl group,

the ring A with the N-O moiety present therein dsmono- or bicyclic,

optionally substituted heterocycle of the formula
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R6

Z o) Q £ o or
N~ N~ N~
|6 |6 J#es

# , # ,

:H:m_z ©)

in which
# marks the linkage site with the carbonyl group,
5 R® is hydrogen, hydroxy or benzyloxy,

R? is hydrogen,

R is 1-hydroxyethyl, benzyl, 4-hydroxybenzyl, 1-phkethyl or 1H-indol-3-
yimethyl,

or

10 R®and R together with the carbon atom to which they avaded form a
(1S,2R)-2-phenylcyclopropane-1,1-diyl group of the foraul

7

#\‘ o

in which
# marks the linkage site with the adjacent nitrogtm,
15 # marks the linkage site with the group T

T is a group of the formula -C(=0)-@RC(=0)-NRR®, -C(=0)-NH-NH-R®
or -CH-O-R",

in which

R’ is hydrogen, methyl, ethyln-propyl, tert-butyl, benzyl or
20 adamantylmethyl,



10

15

20

WO 2013/087716

R5
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R® is hydrogen or methyl,
R® is hydrogen, methyl, ethyh-propyl or benzyl,
or

R® and R together with the nitrogen atom to which they lamaded form a

4- to 7-membered heterocycle,
R s benzoyl,

R  is benzyl which may be substituted in the phensdug by

methoxycarbonyl or carboxyl,

is hydrogen, methyl or a group of the formula

in which
# marks the linkage site to —CH@bhenyl,

R'? is phenyl which may be substituted by methoxycayhacarboxyl
or a group of the formula —S()H,

R is phenyl which may be substituted by methoxycayboor

carboxyl,

R*®  is methyl or hydroxy,

and also their salts, solvates and solvates ofdlts.

14. Compounds of the formula (XXXa) according tiher of Claims 12 or 13, in which

Cys s a cysteine residue which is bonded via thehsir atom of the side chain via a

carbon atom of the succinimide,

Lt is a bond or linear (Cq)-alkanediyl,

B is a bond or a group of the formula
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15

WO 2013/087716 -444 -

R
where
* marks the linkage site with'|_
i marks the linkage site with3.
L? is a bond,
L is a bond,

R'®  is hydrogen or methyl,
R is hydrogen or methyl,

is linear (G-Cg)-alkanediyl or is a group of the formula

p is a number 2 or 3,
##°  marks the linkage site with the group B,

#H marks the linkage site with the nitrogen atom,

is a group of the formula

o) # T
7~
N X

# marks the linkage site with the nitrogen atom,

PCT/EP2012/075277
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R is hydrogen,

is benzyl or H-indol-3-ylmethyl,

RZ
or
R'and B together with the carbon atom to which they avaded form a
(1S,2R)-2-phenylcyclopropane-1,1-diyl group of the foraul
#:4 o
in which
# marks the linkage site with the adjacent nitrogtm,
# marks the linkage site with the carbonyl group,
10 the ring A with the N-O moiety present therein dsmono- or bicyclic,
optionally substituted heterocycle of the formula
#6
in which

# marks the linkage site with the carbonyl group,

R? is hydrogen,

15
R is benzyl, 4-hydroxybenzyl oHtindol-3-ylmethyl,
or
R®and R together with the carbon atom to which they amaded form a

(1S,2R)-2-phenylcyclopropane-1,1-diyl group of the foraul
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in which
# marks the linkage site with the adjacent nitrogtm,
# marks the linkage site with the grouh T
5 T is a group of the formula -C(=0)-OBr -C(=0)-NRR°,

in which

R’ is hydrogen,

R® is hydrogen,

R® is hydrogen,

10 R*®  is methyl,
and also their salts, solvates and solvates ofdtis.

15. Compounds of the formula (XXXI)

HO NH,
4 CH,
35 H.C
o H,C R o® CH, y
N—< H N
H 1 2 N\)J\ N ~D
L~B—L=N Y
CllH o} : (|3H e) o} O\CH ©
3 N
* e e, CH, ?
(XXXI),
15 in which

Lt is a bond, linear ({=C,0)-alkanediyl, a group of the formula
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-447 - PCT/EP2012/075277

1 2
N o o e

##t

LlA

Bl

10

15

20

is a number from 2 to 6,
marks the linkage site with the group G,
marks the linkage site with the group B,
is linear (G-Cyp)-alkanediyl,
is a group of the formula
@] 0] O
##iN)kN/#f ##SJKN/LS\NJKLV##G
| 29 | 3 | 31 | 32

or

0

R R R R

in which

##°  marks the linkage site with the group'L
##°  marks the linkage site with the grouff’L
L° is a bond or (§C,)-alkanediyl,

L is a bond,

R®  is hydrogen or (GC,)-alkyl,

R®  is hydrogen or (GC,)-alkyl,

or

R?and R°  together with the atoms to which they are borfdeah a 5-

or 6-membered heterocycle,
R*  is hydrogen or (GC,)-alkyl,
R¥?  is hydrogen or (GC,)-alkyl,

or
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R and R  together with the atoms to which they are borfdeah a 5-

or 6-membered heterocycle,
L™ s linear (G-Cyo)-alkanediyl,
and

5 where (G-C,p)-alkanediyl may be substituted by 1 to 4 substitseselected
independently of one another from the group coimgjsdbf methyl, hydroxy and

benzyl,
and

where two carbon atoms of the alkanediyl chaid,®?y 1,3 or 1,4-relation to one
10 another, with inclusion of any carbon atoms sitdabetween them, may be

bridged to form a (€Cs)-cycloalkyl ring or a phenyl ring,

B is a bond or a group of the formula

0O RZO

)L 1’0 o * P ** *%

* Q QZ/ Y *YNY
O o) ., R® R o :
O
* g P§
N *%
H or * -
R R% ITI
R27
15 where
* marks the linkage site with'-
*x marks the linkage site with3.
P is O or NH,
Q' is a 4- to 7-membered heterocycle,

20 o7 is a 3- to 7-membered carbocycle or a 4- to 7-negetbheterocycle,
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R is hydrogen or (GCy)-alkyl,

R is hydrogen or the side group of a natucebmino acid or of its

homologues or isomers,
R®  is hydrogen or (GC,)-alkyl,
or

Rand R®  together with the atoms to which they are bondedn a
pyrrolidinyl ring,

R is hydrogen or (GC,)-alkyl,
R?  is hydrogen or (GC,)-alkyl,
or

R'and B2 together with the atoms to which they are bonaethfa 3- to 7-

membered carbocycle,
R’ is hydrogen or (GC,)-alkyl,

is linear (G-C,q)-alkanediyl or is a group of the formula

##Mo /\/]5##4

where
p is a number from 2 to 6,
##°  marks the linkage site with the group B,

# marks the linkage site with the nitrogen atom,

where (G-C,g)-alkanediyl may be substituted by 1 to 4 substitsieselected
independently of one another from the group coimgjsdf methyl, hydroxy and
benzyl,

and
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where two carbon atoms of the alkanediyl chaid,®?y 1,3 or 1,4-relation to one
another, with inclusion of any carbon atoms sitdabetween them, may be

bridged to form a (6Cs)-cycloalkyl ring or a phenyl ring,

D is a group of the formula
A 3 5
1
° #3><T N
or
#2 R® R’
o R T
R' R’
in which
# marks the linkage site with the nitrogen atom,

R! is hydrogen or methyl,

R? is isopropyl, isobutylsecbutyl, tert-butyl, phenyl, benzyl, 1-hydroxyethyl,
4-hydroxybenzyl, 4-hydroxy-3-nitrobenzyl, 4-hydreyaminobenzyl, 1-
phenylethyl, diphenylmethyl, H-imidazol-4-ylmethyl or H-indol-3-
yimethyl,

or

R'and R together with the carbon atom to which they avaded form a

(1S2R)-2-phenylcyclopropane-1,1-diyl group of the foroul

4

#

5
o

3

"

in which
# marks the linkage site with the adjacent nitrogtim,

# marks the linkage site with the carbonyl group,
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the ring A with the N-O moiety present therein dsmono- or bicyclic,

optionally substituted heterocycle of the formula

R6

2 o} Q £ o o [&
N~ N~ N~
|6 g

|
£

<=0

-

# , # ,
in which
5 # marks the linkage site with the carbonyl group,
R® is hydrogen, hydroxy or benzyloxy,
R? is hydrogen or methyl,

R is isopropyl, isobutylsecbutyl, tert-butyl, phenyl, benzyl, 1-hydroxyethyl,
4-hydroxybenzyl, 4-hydroxy-3-nitrobenzyl, 4-hydreyaminobenzyl, 1-

10 phenylethyl, diphenylmethyl, H-imidazol-4-ylmethyl or H-indol-3-
yimethyl,
or
R®and R together with the carbon atom to which they avaded form a

(1S 2R)-2-phenylcyclopropane-1,1-diyl group of the for@ul

7

#\A s

15
in which
# marks the linkage site with the adjacent nitrogtim,

# marks the linkage site with the group T

T is a group of the formula -C(=0)-GRC(=0)-NRR®, -C(=0)-NH-NH-R®
20 or -CH-O-R",
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5
10

R5
15

R26
20 T?
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in which

R’ is hydrogen, methyl, ethyl,n-propyl, tert-butyl, benzyl or

adamantylmethyl,
R® is hydrogen or methyl,
R® is hydrogen, methyl, ethyh-propyl or benzyl,
or

R®and R together with the nitrogen atom to which they boaded

form a 4- to 7-membered heterocycle,
R s benzoyl,

R'™ is benzyl, which may be substituted in the phegsdup by

methoxycarbonyl or carboxyl,

is hydrogen, methyl or a group of the formula

(OO
9 N \Y
#\/O #\/S ’

O 13
9 9 #2 R
#\/\Rlz #\/\R12 or \( W/
N—N

# marks the linkage site with -CHCRT?,

R is phenyl which may be substituted by methoxycayhacarboxyl
or a group of the formula —S()H,

R is phenyl which may be substituted by methoxycayboor

carboxyl,
is hydrogen or hydroxy,

is phenyl, benzyl, H-indol-3-yl or IH-indol-3-ylmethyl,

R*® is methyl or hydroxy,

and also their salts, solvates and solvates oddlis.
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16.

Compounds of the formula (XXXI) according ta@idh 15, in which

Lt is a bond, linear (£C¢)-alkanediyl or a group of the formula

##\/\E /\/}/##2
O m

where

m is a number 2 or 3,

##'  marks the linkage site with the group G,
HE marks the linkage site with the group B,

where (G-Cg)-alkanediyl may be substituted by 1 or 2 methyistiluents,

B is a bond or a group of the formula
H . |R20
v -
O O
S A
rRY RZ H ||?27
where
* marks the linkage site with'L_
ok marks the linkage site with3.

R® s hydrogen,
R is methyl, propan-2-yl, 2-methylpropan-1-yl or ®tmylpropan-1-yl,
R  is hydrogen or (GC,)-alkyl,

or
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5
K

10

15
20 D

RYand R®  together with the atoms to which they are bondedn a
pyrrolidinyl ring,

R is hydrogen or methyl,
R?  is hydrogen or methyl,
or

R'and B?  together with the atoms to which they are bondednfa
cyclopropyl ring,

R’ is hydrogen or methyl,

is linear (G-Cg)-alkanediyl or is a group of the formula

##3\40 /\/]5##4

where

p is a number 2 or 3,

##°  marks the linkage site with the group B,

# marks the linkage site with the nitrogen atom,

where (G-Cyg)-alkanediyl may be substituted by 1 or 2 methyistituents,
and

where two carbon atoms of the alkanediyl chairl irrelation to one another,
with inclusion of any carbon atoms situated betwiem, may be bridged to form

a phenyl ring,

is a group of the formula

‘S
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in which
# marks the linkage site with the nitrogen atom,

R is hydrogen,

R? is 1-hydroxyethyl, benzyl, 4-hydroxybenzyl, 1-pkikathyl or 1H-indol-3-

5 yimethyl,

or

R'and R

10

the ring A

15

together with the carbon atom to which they avaded form a

(1S2R)-2-phenylcyclopropane-1,1-diyl group of the foriul

4

#j‘®$

in which
# marks the linkage site with the adjacent nitrogtm,
# marks the linkage site with the carbonyl group,

with the N-O moiety present therein dsmono- or bicyclic,

optionally substituted heterocycle of the formula

R6

2 o} [j«\l E o 0O ﬂg%:
N~ N~ N~
|6 |6

=0

I
#® ® #

#—Z

in which
# marks the linkage site with the carbonyl group,

R® is hydrogen, hydroxy or benzyloxy,

R? is hydrogen,
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R is 1-hydroxyethyl, benzyl, 4-hydroxybenzyl, 1-phlkthyl or 1H-indol-3-

yimethyl,
or
R®and R together with the carbon atoms to which they l@yeded form a
5 (1S,2R)-2-phenylcyclopropane-1,1-diyl group of the foraul
#E\#S
in which
# marks the linkage site with the adjacent nitrogtim,
# marks the linkage site with the group T
10 T is a group of the formula -C(=0)-GRC(=0)-NRR®, -C(=0)-NH-NH-R®
or -CH-O-R",
in which
R’ is hydrogen, methyl, ethyln-propyl, tert-butyl, benzyl or
adamantylmethyl,
15 R® is hydrogen or methyl,
R® is hydrogen, methyl, ethyh-propyl or benzyl,
or
R®and R together with the nitrogen atom to which they boaded
form a 4- to 7-membered heterocycle,
20 R  is benzoyl,

R'"  is benzyl, which may be substituted in the pheggbup by

methoxycarbonyl or carboxyl,

R® is hydrogen, methyl or a group of the formula
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17.

in which
# marks the linkage site with —CHGbhenyl,

R  is phenyl which may be substituted by methoxycayhacarboxyl
or a group of the formula —S()H,

R is phenyl which may be substituted by methoxycayboor

carboxyl,
R*® is methyl or hydroxy,
and also their salts, solvates and solvates ofdlts.

Compounds of the formula (XXXI) according tther of Claims 15 or 16, in which

L* is a bond,

B is a bond,

L? is linear (G-Cg)-alkanediyl or is a group of the formula
3 4

## #H
\/\PO/\/]E

where

p is a number 2 or 3,

##°  marks the linkage site with the group B,

#H marks the linkage site with the nitrogen atom,

D is a group of the formula
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A
_O B T
e K
#3 R¥ R
@]
R' R
where
# marks the linkage site with the nitrogen atom,

R is hydrogen,

5 R? is benzyl or H-indol-3-ylmethyl,
or
R'and R together with the carbon atom to which they avaded form a

10

the ring A

15

(1S,2R)-2-phenylcyclopropane-1,1-diyl group of the foraul

4

Ha

>

T

in which
# marks the linkage site with the adjacent nitrogtim,
# marks the linkage site with the carbonyl group,

with the N-O moiety present therein dsmono- or bicyclic,

optionally substituted heterocycle of the formula

@

N

L6

#

in which
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10

15

18.

20

# marks the linkage site with the carbonyl group,
R® is hydrogen, hydroxy or benzyloxy,

R? is hydrogen,

R is benzyl, 4-hydroxybenzyl otHtindol-3-ylmethyl,

or

R*and R together with the carbon atom to which they avaded form a

(1S,2R)-2-phenylcyclopropane-1,1-diyl group of the foraul

7

#\‘ i

in which
# marks the linkage site with the adjacent nitrogenm,
# marks the linkage site with the grouh T
T is a group of the formula -C(=0)-ORr -C(=0)-NRR°®,
in which
R’ is hydrogen,
R® is hydrogen,
R® is hydrogen,
R*®  is methyl,
and also their salts, solvates and solvates ofdtis.

Process for preparing the compounds of thenitien according to any of Claims 1 to 11,

of the general formula (Ia), characterized in #hablution of the binder in a buffer
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[A] is admixed with a suitable reducing agent, sash for example, dithiothreitol or
tris(2-carboxyethyl)phosphine hydrochloride, andsitbsequently reacted with a

compound of the formula (II)

H,C R H,C
0
H
NQk
N—L-B—L*N x
H

(@]
r'\)I
-0
>II||||

C
H,C~ TCH,
5
(1),
in which D, L%, B, L? and R® each have the definitions indicated in Claims 11p
to give a compound of the formula (I-A)
o)
AK
N—L~B—L* :
3 :
o)
10 (I-A),
in which n, AK;, D, L, B, L2 and R® each have the definitions indicated in
Claims 1to 11,
or
[B] is reacted with a compound of the formula (IlI)
CH,
3
. o H,C_R” OHsc CHy
= L .
s, N N
N LY~B—L%N ; N b
ICH 2 ICH 0 0 O\CHO
(@) 3 N 3 ~ 3
15 H,C” CH, CH,
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19.

20.

21.

22.

23.

24.

25.

in which D, L%, B, L? and R® each have the definitions indicated in Claims 11p

to give a compound of the formula (I-B)

CH,
3 H,C
0 H,C R 0" CH, y
AKZ_ :1 2 H\)k N N\D
L—B—L=—N x N
| I o._ O
H, O CH, Oy O CH,
H,C H CH,

Cc
3 CH,

—in

(I-B),

in which n, AK,, D, L}, B, L? and R® each have the definitions indicated in
Claims 1 to 11.

Compounds prepared by the process in Clainwb&re AK and AK; is an antibody

which comprises the six CDR sequences of the adyidd048-D01-higG1 or M048-D01-
hlgG1-b, the variable light and variable heavy ohafi the antibody M048-D01-hilgG1 or
M048-D01-hlgG1-b or the light and heavy chain oé thntibody M048-D01-higG1 or
M048-D01-hlgG1-b,

and also their salts, solvates and solvates ofdhts.

Binder-drug conjugate according to any of pheceding claims, where the binder binds

specifically to FGFR2.

Binder-drug conjugate according to any ofgiheceding claims, where the binder binds to

the extracellular domain of FGFR2.

Binder-drug conjugate according to any ofgheceding claims, where FGFR2 is FGFR2
alpha and/or FGFR2 beta.

Binder-drug conjugate according to any of treceding claims, where the binder binds to
the extracellular N-terminal epitoptRPSFSLVEDTTLEPE) of FGFR2.

Binder-drug conjugate according to any of treceding claims, where the binder as well
as human FGFR2 also binds to murine FGFR2.

Binder-drug conjugate according to any of thecpding claims, where the binder, after

binding to FGFR2 on the target cell, is internalibg the binding of the target cell.
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26.

27.

28.

29.

30.

31.

32.

33.

Binder-drug conjugate according to any of pineceding claims, where the binder is a

binding protein.

Binder-drug conjugate according to any of pheceding claims, where the binder is an

antibody or an antigen-binding antibody fragme et tof.

Binder-drug conjugate according to any of pineceding claims, where the binder is a

monoclonal antibody or an antigen-binding antibfrdgment thereof.

Binder-drug conjugate according to any of pineceding claims, where the binder is a

human, humanized or chimeric antibody or an antlgjading antibody fragment thereof.

Binder-drug conjugate according to any of pheceding claims, where the binder is an

IgG antibody or an antigen-binding antibody fragbtéereof.

Binder-drug conjugate according to any of pheceding claims, where the binder is an

IgG1 antibody or an antigen-binding antibody fragirthereof.

Binder-drug conjugate according to any of tlrecpding claims, where the binder
competes in binding to the cancer target molec@ER2 with the GAL-FR21, GAL-FR22
or M048-D01-hlgG1 antibody.

Binder-drug conjugate according to any ofghereding claims, where the binder
comprises the amino acid sequence of the CDR seqsaeti the variable light and heavy
chain of the antibody M048-D01-higG1 represente8k®Q ID NO:15 (H-CDR1), SEQ ID
NO:16 (H-CDR2), SEQ ID NO:17 (H-CDR3), SEQ ID NO:(I8CDR1), SEQ ID NO:19
(L-CDR2) and SEQ ID NO:20 (L-CDR3),

the amino acid sequence of the variable light agali chains of the antibody M048-D01-
higG1, represented in SEQ ID NO:12 (VI) and SEQNID:11 (Vh),

the amino acid sequence of the variable light aral chains of the antibody M048-D01-
higG1-b, represented in SEQ ID NO:14 (VI) and SEQNIO:13 (Vh),

the amino acid sequence of the light and heavynabfaihe antibody M048-D01-higG1-b
represented in SEQ ID NO: 9 (light chain) and SBQNO:10 (heavy chain),

the amino acid sequence of the light and heavynabfaihe antibody M048-D01-higG1
represented in SEQ ID NO: 7 (light chain) and SBQNO:8 (heavy chain), or

the amino acid sequence of the variable light aral chains of the antibody GAL-FR21
or GAL-FR22.
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34.

35.

36.

37.

38.

39.

40.

41.

Binder-drug conjugate according to any ofghereding claims, where the binder
comprises the amino acid sequence of the variaifiednd heavy chains of the antibody
M048-D01-hlgG1-b, represented in SEQ ID NO:14 (atd SEQ ID NO:13 (Vh),

the amino acid sequence of the light and heavynabfaihe antibody M048-D01-hlgG1-b
represented in SEQ ID NO: 9 (light chain) and SBQNO:10 (heavy chain).

Binder-drug conjugate or compounds accordingnty of Claims 1 to 34 for the treatment

and/or prophylaxis of illnesses.

Binder-drug conjugate or a compound accordingny of Claims 1 to 34 for use in a
method for the treatment and/or prophylaxis of mgpaiferative and/or angiogenic

diseases.

Binder-drug conjugate according to any of Ckiirto 34 for producing a medicament for

the treatment and/or prophylaxis of hyperprolifeeatand/or angiogenic diseases.

Medicament comprising a binder-drug conjugatea compound according to any of
Claims 1 to 34, in combination with an inert, nomit, pharmaceutically suitable

excipient.

Medicament comprising a binder-drug conjugatea compound according to any of
Claims 1 to 34, in combination with one or morei-&wperproliferative, cytostatic or

cytotoxic substances.

Medicament according to Claim 38 or 39 for tiieatment and/or prophylaxis of

hyperproliferative and/or angiogenic diseases.

Method for the treatment and/or prophylaxis hgperproliferative and/or angiogenic
diseases in humans and animals, using an effeativeunt of at least one binder-drug
conjugate or a compound according to any of Cldints 34, or of a medicament as
defined in either of Claims 39 and 40.





