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Abstract: Heterodimeric approach has emerged as a promising method for simultaneously
targeting multiple receptors on tumor cells using a single molecule. Simultaneous targeting of the
prostate-specific membrane antigen (PSMA) and the gastrin-releasing peptide receptor (GRPr)
holds the potential to improve the accuracy of prostate cancer diagnosis. This study aimed to
develop and compare six alternative routes for stereoselective synthesis of heterobivalent
conjugates designed to deliver the chelating agent DOTA to PSMA/GRPr receptors. The comparison
of these alternative synthetic approach, considered such factors as efficiency, complexity, synthesis
and purification characteristics, as well as yields of the target compounds has been made. Optimal
conditions for the stereoselective synthesis of heterobivalent ligands to PSMA and GRP, which
could serve as molecular platforms for the targeted delivery of therapeutic and/or diagnostic agents
to these receptors, were determined. For synthesized heterobivalent ligand 26x and heterobivalent
conjugate with DOTA 27 complete signal assignment in 'H, 13C, and "N NMR spectra was achieved
using 2D NMR techniques. Based on these data, comprehensive signal assignments were provided
for all final compounds in their NMR spectra.

Keywords: prostate cancer; targeted delivery; Heterobivalent conjugates; PSMA; GRPr

Introduction

Prostate cancer, also known as prostatic carcinoma, arises from the epithelial cells of the prostate
gland and ranks among the most prevalent cancers affecting men globally [1]. Annually, around 400
thousand cases of prostate cancer are diagnosed worldwide, with some countries ranking it as the
second most common cancer [2]. In men over 60, it stands as the leading cause of cancer-related
deaths.

Timely diagnosis of prostate cancer is critical, as late-stage tumors are highly aggressive due to
metastasis and are challenging to treat effectively. Some imaging techniques such as magnetic
resonance imaging (MRI), computed tomography (CT), single-photon emission computed
tomography (SPECT), and positron emission tomography (PET) are employed for functional
visualization of prostate cancer. However, these methods, focusing on morphological changes, have
limitations in evaluating the full complexity of the disease. Consequently, there is still a need for
studies to identify new diagnostic and therapeutic biomarkers for prostate cancer. Radionuclide
imaging using SPECT or PET offers a promising avenue for early diagnosis, enabling non-invasive
detection of various molecular and cellular processes associated with prostate cancer. Successful
PET/SPECT imaging relies on the overexpression of specific receptors in tumors, with prostate-
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specific membrane antigen (PSMA) emerging as a prominent target for both diagnostic and
therapeutic interventions [3]. Another potential target of prostate tumor specific compounds is
gastrin-releasing peptide receptor (GRPr), significantly expressed on the surface of cancer cells in
early-stage prostate cancer [4]. However, PSMA expression varies, sometimes hindering effective
visualization when targeted alone [5-8]. Hence, the development of heterobivalent constructs
simultaneously targeting PSMA/GRPr using chelating agents for PET and SPECT imaging may be
proposed as a solution.

The heterodimeric approach offers a promising strategy for targeting multiple receptors on
tumor cells with a single molecule. Heterodimers, composed of two antibodies/fragments or two
peptides/peptide mimetics, enhance binding affinity through multivalent interactions [9]. Peptide
heterodimers, in particular, show potential in diagnosing structurally heterogeneous tumors,
catering to regions with different receptor binding specificities [10-12].

Although peptide/peptide mimetic heterodimers are still in early stages of application in
molecular imaging, they demonstrated significant potential, especially in multitargeting
GRPr/PSMA, [9,11,13-21] and addressing prostate cancer heterogeneity. Therefore, further research
into heterodimers for both molecular imaging and theranostic applications is warranted. This study
presents synthetic approaches to developing the heterobivalent conjugates for PSMA/GRPr receptor
targeting with the chelating agent DOTA. Notably, it provides detailed descriptions and complete
signal assignments in the NMR ('H, *C, N) spectra of all final and some intermediate compounds.
Such complete assignment are usually absent in the articles describing syntheses of such complex
conjugates; at the same time, it can be very useful for subsequent researchers involved in the
development of compounds of structurally similar types.

3. Results and Discussion

In this work, the development and evaluation of synthetic approaches to affine and selective
heterobivalent ligands capable of target delivery of various functional fragments such as: 1) chelating
agents (DOTA), 2) fluorescent labels (Sulfo-Cy5), 3) cytotoxic/cytostatic drugs (Docetaxel). The
general structure of heterobivalent conjugates using the DOTA chelator is shown in Figure 1.
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Figure 1. Structure of target HBV conjugates.

In order to obtain the target HBV conjugates, the following synthetic tasks were solved:

1) PSMA vector 6 synthesis (Section 3.3., Scheme 1).
2) Assembly of the peptide sequence included in the PSMA-ligand (optionally, a "branching
fragment"= Lys(L) can be attached see Route 1, 4a-c) using the solid-phase peptide synthesis
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(SPPS) technique followed by connection with the PSMA-vector (optionally, a functional
fragment can be attached as = HO-DOTA(tBu)s see Route 1) and removal from the polymer
substrate (Section 3.4., Scheme 3).

3) Assembly of the peptide sequence included in the GRPr-ligand by SPPS technique (optionally,
a "branching fragment"= Lys(L) can be attached see Route 2,3) (Section 3.5., Scheme 3).

4)  Functional fragment insertion: In this case, the chelating agent EDTA was used (Schemes 5-10),
however, a number of synthetic schemes can be used for the synthesis of targeted to PSMA/GRPr
monomodal HBV conjugates. In addition, the proposed procedure is not limited to chelators
only.

5) Combining the two parts on the resin of the Rink and removing it from the polymer substrate
by TFA with the addition of absorbers to suppress side processes during the protecting groups
cleavage (Schemes 5-10).

It should be noted that the presented numbering does not reflect the order of synthesis and may
vary depending on the considering synthetic Routes.

3.1. Criteria for Choosing a Scheme for CBV Conjugate Synthesis.

When planning multi-stage syntheses, it is worth considering a multitude of parameters,
ranging from the number of stages and their time consumption, up to the cost of reagents and their
selection. It's rather difficult to find the optimal approach to synthesis in all parameters at once.
Designing strategies for the synthesis of heterobivalent PSMA-GRPr ligands, we focused on the
following important parameters:

1. Laboriousness of the synthetic scheme

1.1. The number of stages in the synthetic scheme
1.2. Stage of the experiment

1.2.1. setup

1.2.2. reaction

1.2.3. workup and purification

1.2.4. product characterization, structure and purity confirmation
Features of application and storage conditions of substrates and reagents
Yield calculated from the reaction of the key structural fragments of the HBV conjugate
1. Laboriousness of a Synthetic Scheme
1.1. The Number of Stages in a Synthetic Scheme

The number of stages in the synthetic scheme affects the choice of a particular Method for
obtaining the final compound. This directly affects on 1) the total time of synthesis; 2) the yield of the
final compound; 3) laboriousness. Although liquid-phase and solid-phase methods require almost
the same number of synthetic stages, the SPPS method requires fewer chromatographic purification
stages than LPPS, which simplifies and accelerates synthesis.

1.2. Stage of the Experiment
1.2.1. Setup

In most cases of peptide synthesis setting up the reaction takes a small amount of time relatively
to the total time required to isolate a pure target compound. Therefore, it is not possible to allocate a
priority synthetic scheme for this parameter.

1.2.2. Reaction

In the synthetic schemes discussed below, peptide macromolecules were obtained by utilizing
two techniques for peptide synthesis:

The concept of solid-phase peptide synthesis (SPPS) is a process of assembling a peptide by
covalently attached a C-terminal amino acid sequence to an insoluble polymer substrate (resin). The
anchored peptide is sequentially lengthened by a series of cycles of adding a new amino acid and
removing the protecting group located at its N- terminus. In this case, we considered exclusively the
Fmoc/t-Bu SPPS strategy.
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The liquid-phase peptide synthesis (LPPS) consists in assembling a peptide sequence in solution,
through a series of cycles of adding new amino acid and protecting group cleavage. A combination
of these approaches with varying degrees of participation in synthetic schemes has been used to
obtain target molecules.

Each of these methods has its own advantages and disadvantages:

The advantages of SPPS are: 1) ease of synthetic procedure due to the simplicity of isolation:
after each coupling cycle, filtration and washing of the entire resin is performed; 2) the process can
be automated. However, this method has a couple of drawbacks: 1) due to the heterogeneous nature
of the reaction, it is often necessary to use an excess of combined components and increase the
reaction time; 2) steric hindrance has a more significant effect, interfering with the course of reactions;
3) absence of an explicit possibility to confirm the structure at each stage (this can only be performed
by a destructive method of complete removing the peptide sequence from a part of the resin).

The LPPS technique also has its advantages and disadvantages. The advantages include: 1)
reactions, which occur in homogeneous medium, in general, proceed faster and allow using
equimolar amounts of reagents; 2) the ability to confirm the structure and determine the purity of the
substance at each stage of synthesis without losing in the yield of the target compound; 3) steric effects
do not affect as much as in SPPS. However, each step of LPPS requires purification by one or more
methods (chromatography, extraction, trituration, etc.), which generally noticeably inferior to the
solid-phase technique in terms of total time and effort required to perform the synthesis.

1.2.3. Workup and Purification

Turning to the purification of compounds, it is worth noting that the most laborious method for
isolating this kind of multifunctional molecules is chromatography. The solid-phase method has an
advantage over the liquid-phase method in terms of the number of acts of chromatographic
purification.

1.2.4. Product Characterization, Structure and Purity Confirmation

Confirmation of the structure and purity of the final compounds in the case of liquid-phase
(LPPS) and solid-phase (SPPS) synthesis techniques takes the same time. It is worth noting that using
the liquid-phase approach, it is possible to verify intermediate compounds by physicochemical
analytical methods (primarily by 'H and *C NMR), without reducing the yield of the final compound.
Step-by-step identification makes it possible to track all structural changes in gradually complicating
NMR spectra, which can greatly facilitate the characterization of the final molecule.

There are two approaches for SPPS:

The first is the exception of intermediate control and confirmation of the structure and purity for
only the final compound, which may be difficult due to the intricacy of the NMR picture. This
approach does not leave a probability for errors identification during the assembly of the peptide
sequence, but only after the completion of obtaining the polypeptide sequence.

The second is to remove a peptide fragment from a part of the polymer substrate after some
stages of synthesis to analyze the result. This approach has the downside of decreasing the yield of
the final compound (in some cases, quite significant).

2. Features of Application and Storage Conditions of Substrates and Reagents

In some instances, where substrates and reagents are unstable or highly toxic, the synthetic

scheme should be modified to minimize or completely eliminate the utilization of these compounds.
3. Yield Calculated from the Reaction of the Key Structural Fragments
Three key structural fragments can be defined in the HBV conjugate:

1) PSMA-ligand

2) Functional fragment (chelator, fluorescent label, cytostatic/cytotoxic drug)

3) GRPr-ligand

Based on them, a quantitative assessment of the effectiveness of the proposed Routes for
obtaining final compound is presented (see Table 2)

3.2. Classification of Routes for CBV Conjugate Synthesis
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The Routes are classified according to stage and method of introducing the functional fragment.
Chelators, fluorescent labels or drugs for conjugating with ligands are themselves products of
multistage syntheses and, therefore, are expensive. Operating each type of functional fragment has a
number of features and limitations. Taking this into consideration, it can be concluded that when
developing synthetic circuits, it is worth striving for a later stage of their introduction into the
structure of the target compound.

One of the functional fragments that are widely used in the diagnosis and therapy of prostate
cancer is the chelator for radionuclide labeling DOTA. DOTA is a twelve-membered
conformationally mobile cycle that includes 4 fragments of tertiary amines in its structure. Based on
experience with this type of compound, it should be noted that the presence of such a fragment in
the ligand structure greatly complicates chromatographic purification, as well as confirmation of the
structure and purity of the target compound.
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Figure 2. Fragment of the 1H NMR spectrum of HO-DOTA(tBu)s (400 MHz, 293 K, DMSO-ds). 'H
NMR (500 MHz, DMSO-d6) = 4.10-3.48 (m, 8H), 3.45-2.89 (m, 16H), 1.45 (s, 9H), 1.38 (s, 18H). The
description of the spectrum is provided from the article. [22].

Therefore, it is important to minimize the number of synthetic stages, which can cause such
unsolvable obstacles during the planning.

Based on an analysis of all mentioned parameters, six synthetic Routes were proposed for
obtaining PSMA-GRPr heterobivalent conjugates with the chelating agent DOTA (Figure 3).
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‘ Heterobivalent conjugate synthesis ’

The conjugation of DOTA to the ligand is performed by

‘ Solid-phase peptide synthesis (SPPS) ’ ‘ Liquid-phase peptide synthesis (LPPS) ’
DOTA is attached to DOTA is attached to
‘ PSMA-ligand ’ ‘ GRPr-ligand J ‘ Heterobivalent ligand ‘ PSMA-ligand ’

Figure 3. CiocoOs1 moayuennss PSMA-GRPr rerepoOnBaaeHTHBIX KOHBIOTaTOB.

All the presented synthetic approaches can be divided into three groups: 1) Routes 1&2,
according to which DOTA is conjugated to the peptide sequence by SPPS at an intermediate stage of
synthesis; 2) Route 3 wherein DOTA is attached by LPPS at the last stage as NHS-activated ester; 3)
Routes 4a&4b&4c that involve the addition of DOTA to the peptide sequence using LPPS at an
intermediate stage of synthesis (Figure 3).

The synthetic schemes of the first group include 2 approaches: conjugation of the functional
fragment on STS-2 resin (Route 1), conjugation of the functional fragment on Rink Amide MBHA
resin (Route 2). The scheme of the second group is the synthesis of the heterobivalent ligand on Rink
Amide MBHA resin followed by liquid-phase introduction of a functional fragment (Route 3). The
synthetic schemes of the third group include 3 approaches based on Fmoc(OFm)/Alloc orthogonal
protection strategy (Routes 4a&4b&4c).

3.3. PSMA Vector Synthesis

The initial stages of the vector fragment synthesis included the preparation of compounds 1-6
(Scheme 1) by optimized methods similar to described in our previous work [23].
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Scheme 1. Synthesis of vector fragment 6 based on a PSMA inhibitor.

3.4. Assembling the Peptide Part of the PSMA-Ligand on 2-CTC Resin and Vector Fragment Coupling.
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To obtain highly specific PSMA vectors, peptide sequences anchored to 2-CTC resin were
synthesized: 1) NH2-Phe(L)-Phe(L)-Gly-Lys(L)(Alloc)-Gly = 8, 2) 1) NHz-Phe(L)-Phe(L)-Gly = 14,. 3)
NH2-Phe(L)-Phe(L)-Ahx = 17. It has been previously shown [24,25] that the presence of Phe(L)-Phe(L)
dipeptide fragment in the linker improves binding to the receptor. Furthermore, the dipeptide nature
of linkers could improve biodegradability and reduce toxicity of PSMA vectors [26,27]. The protected
amino acid lysine in the form of Fmoc-Lys(L)(Alloc)-OH, which is capable of providing further
modification by various structural blocks under orthogonal conditions, was chosen as the "branching
point" for Routes 1 and 4a&4b&4c.

To obtain peptide sequences 8, 14, 17 by SPPS technique, a polymer substrate made of
polystyrene crosslinked with 1% divinylbenzene (2-CTC resin) was used (Scheme 3). The chosen
sequence of reactions is a classic scheme of peptide synthesis: 1) immobilization of an N-substituted
amino acid onto a solid-phase substrate; 2) cleavage of the protecting group; 3) modification of the
NHz-group of amino acid (steps 2 and 3 are repeated the required number of times to assemble the
target peptide sequence); 4) cleavage of the peptide sequence from solid support [28].

The 2-CTC resin was chosen because it is compatible with the Fmoc/tBu concept, as well as the
cleavage of the peptide sequence from the resin takes place under mild conditions safe for acid-labile
functional groups (COOtBu) (in this case cleavage from the resin was carried out using DCM/TFA -
99.25%/0.75% V/V solution) [29].

At the final stage, vector fragment 6 was coupled with peptides 8, 14, 17 attached to 2-CTC resin
using HBTU/HOBt/DIPEA activating agents. After that, the polypeptides were cleaved off the resin
by DCM/TFA treatment (Scheme 2). As a result, compounds 13, 15, 18 were obtained as individual
stereoisomers (according to the 1H NMR, 13C NMR, LCMS, HRMS data — see Materials and Methods).
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Scheme 2. Synthesis and cleavage from the resin of the peptide compounds 13, 15, 18.

It's important to emphasize that the amino acids Gly& Ahx were used as the C-ends of the
peptide sequences due to their lack of a stereocenter in the a-position. This provides an opportunity
to conduct peptide synthesis reactions with other structural fragments that are part of the final HBV
conjugate, without concern of a side reaction of epimerization, through the formation of oxazolone.
[30,31] (Figure 4).
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3.5. Assembling the JMV594 Peptide Sequence on the Rink Amide MBHA Resin

The synthesis of D-Phe-GIn-Trp-Ala-Val-Gly-His-Sta-Leu-NH: = [D-
Phe6,Stal3,Leul4]bombesin[6-14] = J]MV594 = compound 20 (20%) was performed by manual solid-
phase peptide synthesis (SPPS) [17,32] using Fmoc Rink Amide MBHA resin (see Scheme 4) (capacity
0.8-0.3 mmol/g) and standard conditions for the Fmoc/t-Bu concept. The selected synthetic scheme
includes stages: 1) Fmoc-deprotection of the resin (20%/80% MPP/DMF, V/V); 2) immobilization of
an N-substituted amino acid onto a solid-phase substrate; 2) Fmoc-deprotection of amino acid
(20%/80% 4-MPP/DMF, V/V); 3) modification of the NHz-group of amino acid (steps 2 and 3 are
repeated the required number of times to assemble the target peptide sequence); 4) cleavage of the
peptide sequence from solid support and total deprotection (removal of all protecting groups, for 20
2*Trt, 1*Boc). For certain Fmoc-amino acids, the following protecting groups in the side chain were
used: Fmoc-His(L)(Trt)-OH, Fmoc-Trp(L)(Boc)-OH , Fmoc-GIn(L)(Trt)-OH. Fmoc-5ta(S,S)-OH
was used without protection of the hydroxyl group. However, it is known from the literature
that during the assembly of the peptide sequence, the treatment of 4-MPP in DMF (20%/80%)
not only removes Fmoc-P.G., but also prevents possible acylation of the hydroxyl group Sta(S,S)
[32].

To establish the chemical purity and evaluate the actual capacity of the Rink Amide MBHA resin
with the anchored peptide sequences J]MV594 =compound 20 and Lys(Boc)-Ahx-JMV594 = compound
22, their parts were removed from the polymer substrate (giving compounds 20x and 22x
respectively). According to '"H NMR, *C NMR, >N NMR, LCMS, HRMS spectral information, both
of them (20* and 22x) were individual stereoisomers (see Materials and Methods). Compound 20* has
been characterized by a number of 2D NMR experiments. Based on the data obtained, a complete
correlation of the structure was given (see Figure 14). It is noteworthy that after chromatographic
purification, compound 20* was isolated in several forms: *2 TFA; with free NHz. The '"H and *C NMR
spectral data, which are radically different from each other (Figure 5), are given in the experimental
part.

20X

H12p(a)+
F6(D)B(a)

F6(0) +W8p(b)
Sta13a
+Sta13p

L14a+vi0a *Glla
A9a

H12B(b)

W8p(a)

Sta130H

X
20%*2 TFA H12B(y+
Sta13a
L14a+V10a +Sta13p
Q7NH

WB8B(b)+

H12pca) FOOIBO)

+W8B(a)
+F6(D)B(a)

H12(3) A9a +Gla

6(D)a

9.0 8.5 8.0 7.5 7.0 5.0 4.5 4.0 3.5 3.0
3(1H), ppm

Figure 5. Fragments of 1H NMR spectra of 20* with free NHz (blue, upper) and 20x *2TFA (maroon,
bottom) (400 MHz, 293 K, DMSO-d6).
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Scheme 4. Synthesis of GRPr-ligand (optionally, a "branching fragment"= Lys(L) can be attached see
Route 2,3). Reagents and conditions: For compound 20 = (a) (1) FmocSta(S,S), PyBOP, HOBt, DIPEA;
(2) 4-methylpiperidine/DMF; (b) (1) FmocHis(L)(Trt), PyBOP, HOBt, DIPEA; (2) 4-
methylpiperidine/DMF; (c) (1) FmocGly, PyBOP, HOBt, DIPEA; (2) 4-methylpiperidine/DMF; (d) (1)
FmocVal(L), PyBOP, HOBt, DIPEA; (2) 4-methylpiperidine/DMEF; (e) (1) FmocAla(L), PyBOP, HOBt,
DIPEA; (2) 4-methylpiperidine/DMF; (f) (1) FmocTrp(L)(Boc), PyBOP, HOBt, DIPEA; (2) 4-
methylpiperidine/DMF; (g) (1) FmocGIn(L)(Trt), PyBOP, HOBt, DIPEA; (2) 4-methylpiperidine/DMEF;
(h) (1) FmocPhe(D), PyBOP, HOBt, DIPEA; (2) 4-methylpiperidine/DMEF;.

3.6. Description of the Routes

3.6.1. Route 1.

Route 1 included the following transformations: 1) Alloc-protecting group cleavage; 2) coupling
of HO-DOTA(tBu)s to PSMA-ligand 10 on 2-CTC resin; 3) cleavage of the peptide sequence with
DOTA(tBu)s 11 from 2-CTC resin (saving all protection groups = 6*COOtBu); 4) conjugation of the
compound 12 to GRPr-ligand 20 on Rink Amide MBHA resin; 5) cleavage of the HBV conjugate from
Rink Amide MBHA resin (removal of all protecting groups: 6*COOtBu, 2*Trt, 1*Boc) (Scheme 5).
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Figure 6. Abbreviations used for PSMA and GRPr targeted ligands and the DOTA chelator.
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Scheme 5. Route 1 of obtaining PSMA-GRPr HBV conjugate. The designations used in the schemes
hereafter: [ ] — the stage at which synthetic problems arose and could not be solved, synthesis was
stopped; () - stages that were not completed due to difficulties encountered or the inexpediency of
obtaining the final compound.

From the pros and cons of the solid-phase approach discussed at the beginning of this chapter,
the fact that conjugation of a sterically hindered macrocycle DOTA would occur in a heterogeneous
reaction could cause concern. After coupling the chelator to the PSMA-ligand 10 on a polymer
substrate and removing it from the resin, compound 12 was obtained. After isolation and purification
of this compound, it was found that the reaction yield was 20%. It could be explained by the fact that
it was difficult for the bulky DOTA macrocycle to get closer to the amino group of the peptide
sequence fixed on a polymer support (Figure 7). All this suggests that this method is unsatisfactory
in terms of parameters related to the stage of introduction of HO-DOTA (tBu)s.

3.6.2. Route 2.

The main idea of the Route 2 consisted of: 1) coupling of HO-DOTA(tBu)s to the GRPr-ligand 21
on Rink Amide MBHA resin; 2) Alloc-protecting group cleavage; 3) conjugation of PSMA-ligand 15;
4) cleavage of the HBV conjugate from Rink Amide MBHA resin (removal of all protecting groups:
6*COOtBu, 2*Trt, 1*Boc) (Scheme 6).

When performing the Route 2, the DOTA addition stage also had the greatest effect on the target
compound synthesis, as in Route 1. However, in Route 2, the conjugation problems associated with
steric hindrance of the chelator were minimized. The reaction proceeded more efficiently, since the
chelator was supposed to join the amino group, which was located at a great distance from the
polymer substrate and was "exposed outside". In Route 1, the chelator had to join the amino group
located near the polymer support, which was complicated by steric reasons caused by the PSMA
ligand itself.

N H,N  NH, NH;
o{f HNM Rink amide _
N J 0 MBHA resin o~ o  CTC-2resin
w9 Route 2 S ! N/\g Route 1
oy’ iy Q % \ <
>fo OJ\,N\/—N
o

O

7<

Figure 7. The difference between solid-phase Route 1 and Route 2.
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Therefore, after the HO-DOTA(tBu)s conjugation stage and Alloc-deprotection of the lysine
fragment, part of compound 24 was selected to evaluate the yield at this stage. The result was the
following: 1) the total capacity at this stage is 55% of the max resin capacity (a resin with a capacity
of 0.8-0.3 mmol/g was used); 2) the yield relative to the total capacity is 78% for connection 24~ (+HO-
DOTA(tBu)s), the remaining 22% is 21x ( - HO-DOTA(tBu)s). The result obtained turned out to be
better than for Route 1, but also had disadvantages. When the PSMA-ligand 15 was attached, there
was competition for the COOH-group of 15 by various NHz-groups: 1) KONH2(-24; 2) KONH2-21; 3)
K9NH:a-21. In the reaction of compounds 15&24 and cleavage from the polymer support, compound
25« (Figure 8) was obtained (49% according to LCMS data) as a mixture with 24x (37% according to
LCMS data) and other impurities.

Route 2
o
O-’“W Q-’“W “Y-P—’h&”“‘ Pd[P(Ph“]"O-*“W@ Hm/-
N
PyBOP HOBY, DIPEA 5H DCM 50
Rink amide © o ©
MBHA resin
NHAlloc NHAlloc NH,
TFA/TIPS/PhSMe/H,0
\)L (VIV) 90%/5%/4%/1%
pyBoP HOB, DIPEA V/V) 90%/5%/4%/1% 5 test cleavage&adeprotection:

24*-43% from max resin capacity
25*-49%

HN
f om

Scheme 6. Route 2 of obtaining PSMA-GRPr HBV conjugate on Rink Amide MBHA resin.
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Figure 8. The structure of compound 25*.

Thus, Route 1&Route 2, based on the introduction of HO-DOTA(tBu)s by the solid-phase
technique, had a number of significant restrictions that revealed the necessity of usage of the liquid-
phase synthesis procedure for DOTA coupling. The transition to this technique was supposed to lead
to an increase in the yields and purity of the HBV conjugate.

3.6.3. Route 3.

Route 3 consisted of the following steps: 1) coupling of PSMA-ligand 18 to GRPr-ligand 22
attached to Rink Amide MBHA resin; 2) cleavage of the HBV-ligand 26 from the polymer substrate
(removal of all protecting groups: 3*COOtBu, 2*Trt, 2*Boc); 3) conjugation of (HO)sDOTA-COOSu
and HBV-ligand 26~ in solution (Scheme 7).
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Scheme 7. Route 3 of obtaining PSMA-GRPr heterobivalent conjugate by liquid-phase synthesis.

The first step of Route 3 was completed successfully. Further, when removing of compound 26x
from the polymer support, the presence of pronounced organogelating behaviour was found. It
seriously hampered the purification and reactions with this compound, nevertheless compound 26x
was isolated and characterized by a complex of physico-chemical analysis methods such as 'H, *C,
15N NMR, LCMS, HRMS and a range of 2D NMR experiments. Based on the data obtained, a complete
correlation of the structure was given (see Figure 16).

We have previously investigated the peptide organogelation using the example of PSMA
targeted ligands [33]. To overcome this obstacle to obtaining compound 27, it was necessary to
determine the value of the critical gelation concentration (CGC) in various types of solvents. Without
this, aggregation and/or incomplete dissolution of compound 26* may occur in the course of synthesis
and lead to a low conversion and yields of the product 27. As a result of the research, it was found
that DMSO was the most suitable solvent for the synthesis of HBV conjugate 27 (CGC was about 20
mg/ml at 20°C). Furthermore, a potential solution to the organogelation issue could be the
replacement of spacers, for example, with PEG-derivatives. This substitution could change the nature
of intra and intermolecular interactions, which in turn would entail a change in the degree of
aggregation and way of stacking of the molecules.

Thus, we were able to carry out the conjugation reaction of ligand 26 and (HO)sDOTA-COOSu
in DMSO (concentration 15 mg/ml, 20°C, periodic ultrasound exposure). As a result compound 27
was obtained and characterized by a complex of physico-chemical analysis methods such as 'H, *C,
15N NMR, LCMS, HRMS and a range of 2D NMR experiments. Based on the data obtained, a complete
correlation of the structure was given (see Figure 9).
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Figure 9. Structure of the compound 27.

3.6.4. Route 4a.

Route 4a consisted of the following steps: 1) coupling of TFA*NH:(CH:z)sNHFmoc
(NH2(CH2)sNH2 = 1,3-DAP) fragment to PSMA-ligand 13 in solution (this was necessary for the
presence in the structure of two orthogonal NHz-protecting groups = NHFmoc&NHAIlloc, which in
turn were orthogonal COOtBu); 2) Alloc-P.G. cleavage; 3) conjugation of HO-DOTA (tBu)s to PSMA-
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ligand 29 in solution; 4) Fmoc-P.G. cleavage; 5) succinic anhydride addition 6) conjugation to GRPr-
ligand 20 on Rink Amide MBHA resin; 7) cleavage of the HBV conjugate from the polymer substrate
(removal of all protecting groups: 6*COOtBu, 2*Trt, 1*Boc) (Scheme 8).
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Scheme 8. Route 4a of obtaining PSMA-GRPr HBV conjugate.

At the beginning, compound 28 was obtained. Difficulties arose during the synthesis of
compound 29. Despite the fact that many literature sources describe Fmoc and Alloc protective
groups as orthogonal (Table 1) [31], we have encountered the opposite phenomenon. When trying to
remove the Alloc-P.G. by standard protocol ([Pd(P(Ph)s]s/PhSiHs), both Alloc&Fmoc protective
groups were removed, which can be concluded from the data of the "H NMR spectra of the compound
28 (before the Alloc cleavage) and compound 29 (after the Alloc cleavage) (Figure 10). The 'H NMR
spectrum of compound 28 contained signals: 7.88 (d, ] = 7.4 Hz, 2H, Fmocn), 7.67 (d, ] =7.4 Hz, 2H,
Fmocd), 7.40 (t, ] = 7.4 Hz, 2H, Fmoc(), 7.32 (t, ] = 7.4 Hz, 2H, Fmoce), characteristic for the fluorene
fragment of the Fmoc protective group. These signals are absent on the spectrum of compound 29,
which indicates the removal of Fmoc protection. The proposed mechanism of this phenomenon could
be determined by the "release" of the NH2C-group of lysine, which causes [3-elimination in the Fmoc
fragment. This process can occur both internally and intermolecularly (Scheme 8). At the same time,
the accumulation of NH2 a-groups of lysine may occur and contribute to the cleavage of Fmoc
protecting groups from molecules not affected by this side reaction.
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Table 1. Stability and removal conditions of Fmoc and Alloc protecting groups. [34].

Stability Limited stability Lability Removal conditions
Alloc is resistant to acids (TFA) and bases not completely stable during catalytic Labile to Pd° (usually 1) [Pd(P(Ph)s]s — cat. + scavengers: PhSiHs,
(R=NH). Orthogonal to the removal hydrogenolysis. [Pd(P(Ph)s]s) resulting in Me2NH*BHs, NH3*BHs
conditions Boc/Bn, Fmoc/tBu; Trt; Bpoc transfer of Allyl to various
(TFA) and Fmoc (R2NH) nucleophiles / scavengers.
Fmoc is resistant to acids (TFA), Limited stability towards tertiary amines Labile to bases, especially SPPS:
Orthogonal to the removal conditions (DIPEA, pyridine); stability depends on base secondary amines 1)20% piperidine (or 4-MPP) — DMF
Boc/tBu; Trt; Bpoc (TFA) and Z/Bzl (HF); concentration, solvent, and temperature. (piperidine > diethylamine). 2) 1-5% DBU - DMF
ivDde (N2Ha); Alloc/OAll (Pd 9). Not completely stable during catalytic 3) morpholine - DMF (1/1)
hydrogenolysis. 4) 2% HOBt, 2% hexamethyleneimine, 25% N-
methylpyrrolidine in DMSO-NMP (1/1).
LPPS:

1) NH3 (10 h)
2) morpholine or piperidine (or other R:NH) in
organic solvents (within min)
3) 10% Et2NH, DMA (2 h)
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Figure 10. Fragment of 1H NMR spectra of compounds 29 (blue, upper) and 28 (maroon, bottom) (400
MHz, 293 K, DMSO-d6).

As a result of removing the Fmoc protection, compound 29 contained NH20&NHza at Lys K9
fragment. Therefore, Route 4a was stopped at this stage.

Thus, it was shown that Fmoc and Alloc protecting groups are not completely orthogonal if they
are located at the same amino acid Lys, since during the removal of Alloc-P.G., degradation of Fmoc-
P.G. also occurs (up to complete cleavage).

3.6.5. Route 4b.

The main difference between Route 4b and other methods of subgroup 4 was the insertion of
TFA*NH2(CH2)sCOOFm fragment. This would avoid an extra stage of addition of succinic anhydride
to compound 38, which was necessary to combine with the ligand to GRPr 20 on the Rink Amide
MBHA resin (see Scheme 10 of Route 4c). To protect the carboxyl fragment of compound 32, -OFm
was used, since its cleavage conditions completely coincided with the removal of Fmoc protection
[34].

Thus, the implementation of Route 4b required the following steps: 1) synthesis of compound
32 = TFA*NHz(CH2)sCOOFm; 2) coupling of compound 32 to PSMA-ligand 13 in solution (this was
necessary for the presence in the structure of two orthogonal NH:-protecting groups =
NHFmoc&NHAlloc, which in turn were orthogonal COOtBu); 3) Alloc-P.G. cleavage; 4) conjugation
of HO-DOTA(tBu)s to PSMA-ligand 34 in solution; 5) Fm-P.G. cleavage; 6) conjugation to GRPr-
ligand 20 on Rink Amide MBHA resin; 7) cleavage of the HBV conjugate from the polymer substrate
(removal of all protecting groups: 6*COOtBu, 2*Trt, 1*Boc) (Scheme 9).
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Scheme 9. Route 4b of obtaining PSMA-GRPr HBV conjugate.

Compound 32 was obtained in a three-stage synthesis. After, 32 was introduced into the amide
coupling reaction with PSMA ligand 13 and, as a result, compound 33 was obtained, isolated and
characterized by 1H NMR. Then Alloc protecting group was removed. Since Fmoc and COOFm P.G.
are similar in nature, we assumed that we could encounter Fm-degradation problems similar to those
described in Route 4a.

Therefore, after completion of the reaction, DCM(1%TFA) was added to the reaction mixture to
reduce basicity of the Nh2(-K9 Lys group. Attention should be paid to the fact that even in the case
of partial removal of OFm-P.G. during the reaction, the Ahx10 COOH-group will be "released" and,
due to dissociation, will suppress the basicity of the Nh2(-group of K9 Lys.

To evaluate the effectiveness of this method, the 'H NMR spectrum of compound 34 was
recorded after the reaction, but before chromatographic purification (Figure 11). The 'H NMR
spectrum of compound 28 contained signals: 7.89 (d, ] =7.4 Hz, 1.5H, Fmocn), 7.64 (d, ] =7.4 Hz, 1.5H,
Fmocd), 7.41 (t,] =7.4 Hz, 1.5H, FmocC), 7.33 (t, ] = 7.4 Hz, 1.5H, Fmoce), characteristic for the fluorene
fragment of the Fm-P.G. The integral intensity is calculated relative to G7Ha (3.73 ppm). From the
spectral data, it can be concluded that OFm-P.G. has been preserved by ~ 75%. After chromatographic
purification, compound 34 was obtained with a yield of 70%. It should be emphasized that after
completion of the reaction and chromatographic purification, compound 34 was obtained as a salt
*1TFA (TFA*KONH-2( to prevent OFm-P.G. destruction).
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Figure 11. Fragment of 'H NMR spectrum of 34 after completion of the reaction (400 MHz, 293 K,
DMSO-d6).

The next step of Route 4b was to join compound 34 and HO-DOTA(tBu)s via amide coupling
reaction. After the synthesis of compound 35 and its primary purification, according to 1H NMR data,
the target compound was contained in the mixture in insignificant quantities. The main product was
formed by the addition of a TFA to the KONH2C-group of Lys (an amide bond was formed between
them). This could be caused by several reasons: 1) low reactivity of COOH-group of OH-DOTA(tBu)s;
2) the possibility of partial removal of OFm-P.G. under reaction conditions (using an excess of DIPEA)
and thereby generating an additional competing carboxylic component under conditions of peptide
synthesis. In some cases, this problem was successfully solved by optimizing the reaction conditions
(see synthesis of compounds 28 and 33).

Thus, in Route 4b, it was shown that the fragment of OH-DOTA(tBu)s should be introduced to
the PSMA-ligand in the absence of any competition from other carboxyl groups, and the
nucleophilicity of the NHz-group should be the greatest under the considered conditions.

3.6.6. Route 4c.

The difference between Route 4c and Route 4b consisted on several stages. Positive changes
included the stage of HO-DOTA(tBu)s introduction to the PSMA-ligand (36). The NH2 group of 1,3-
DAP fragment (X11NH20) was used in free form to obtain compound 37. The negative changes were
represented by an extra stage of addition of succinic anhydride.

The difference between Route 4c and Route 4b consisted in a modified order of removal of Alloc
and Fmoc P.G,, to prevent the removal of the latter.

Route 4c consisted of the following steps: 1) coupling of TFA*NH:(CHz)sNHFmoc
(NH2(CH2)sNH2 = 1,3-DAP) fragment to PSMA-ligand 13 in solution (this was necessary for the
presence in the structure of two orthogonal NHz-protecting groups = NHFmoc&NHAIlloc, which in
turn were orthogonal COOtBu); 2) Fmoc-P.G. cleavage; 3) conjugation of HO-DOTA (tBu)s to PSMA-
ligand 29 in solution; 4) Alloc-P.G. cleavage; 5) succinic anhydride addition; 6) conjugation to GRPr-
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ligand 20 on Rink Amide MBHA resin; 7) cleavage of the HBV conjugate from the polymer substrate
(removal of all protecting groups: 6*COOtBu, 2*Trt, 1*Boc) (Scheme 10).

Route 4c

o o]
R s H H
N Ny NHFmoc PN Ny NH,
7N/W ~ N/\( TFA*NH(CHz);NHFmoc —”/j( \ ”/\‘( {v}a Et,;NH H/Y v H/\‘( (v)a 2
1 HBTU, HOBt, DIPEA o \‘ e} DMF o o]

13 ~ 28-quant. ~_ 36-quant.
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H H H H H H
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Scheme 10. Route 4c of obtaining PSMA-GRPr HBV conjugate.

The first stage is similar to the Route 4a, compound 28 was obtained. After that, the removal of
Fmoc-P.G. (Scheme 10) was performed using Et2NH in DMF. The choice in favor of Et-NH can be
reasoned by: 1) ease of excess EtzNH elimination by evaporation (b.p. = 56°C); 2) ability to remove
DBF aggregates by trituration in Et20 or P.E.; 3) chromatographic purification stage could be avoided.
The disadvantages of this method included an increase in the probability of side reaction 1 (Figure
12).

adduct peptide N-DBF adduct DBF-4-MPP

Roilincts

secondary amine
(excess) side reaction 1 normal reaction
R'\N,R'
( H
o]

H

Y

Q O%H'R —>CO; + RNH, + '
O R = peptide O

dibenzofulvene (DBF)

Iz
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4-MPP; piperidine ;
and other

adduct DBF-NR, adduct)%mz

Figure 12. The mechanism and side processes of Fmoc-deprotection, R = peptide fragment. [34].

Et,NH; DBU

polymerization (DBF

Next, OH-DOTA(tBu)s was attached to X11NH20-group under the peptide synthesis conditions.
As a result, compound 37 was obtained with 95% yield. At the fourth stage, the removal of Alloc-P.G.
was carried out under standard conditions [Pd(P(Ph)s]4 (0.1 eq.)/PhSiHs (6 eq.). The fifth and sixth
stages of synthesis did not cause significant difficulties. At the final stage cleavage of the HBV
conjugate from Rink Amide MBHA resin was performed (with removal of all protecting groups:
6*COOtBu, 2*Trt, 1"Boc). As a result, a compound 40* was obtained with a yield of 52% relative to
the PSMA- ligand 39 and 30% relative to max resin capacity (Figure 13).
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Figure 13. Structure of the compound 40~.

3.7. Results and Comparison of the Routes of Obtaining HBV Conjugates.

Table 2 summarizes the data obtained by comparing investigated Routes for HBV conjugate
synthesis. The effectiveness of the methods was compared based on the total yield of the target
compounds calculated relative to: 1) DOTA chelating agent; 2) PSMA-vector 6; 3) GRPr-ligand
(JMV594). In addition, the total number of synthetic stages (counting SPPS and LPPS stages) and the
number of stages with chromatographic purification were evaluated independently. The stages of
synthesis in which the main synthetic difficulties arise are described for each Route. The following
conclusions can be drawn from the results presented in Table 2.

Route 1 (Scheme 5). The synthesis has not been completed to obtain the final compound due to
the synthetic difficulties encountered at stage 19/41. Main difficulties of synthesis - the chelator had
to join the amino group located near the polymer support, which was complicated by steric reasons
caused by the PSMA ligand itself.

Route 2 (Scheme 6). The target substance was obtained with yields from the:1)25% - DOTA;
2)31% - 6; 3)27% - J]MV594. Total number of stages - 41, The number of stages with chromatographic
isolation — 6. According to these indicators, this is the best method for obtaining HBV conjugates.
Main difficulties of synthesis - 24/41 (the DOTA conjugation stage on MBHA Rink Amide resin). Even
if: 1) an excess of DOTA (1.5 eq.) was used; 2) the reaction was prolonged, 3) compound 21 with more
spatially accessible KONHza-group of Lys was used, the conversion increased to 78% only.

Route 3 (Scheme 7). The target substance was obtained with yields from the: 1)69% - DOTA;
2)39% - 6; 3)32% - JMV594. According to these indicators, this is the best method for obtaining HBV
conjugates. Total number of stages - 40, The number of stages with chromatographic isolation — 7.
According to these parameters, it also belongs to the leaders. The main advantage of Route 3 is
versatility. Due to the fact that when obtaining an HBV ligand, it is possible to further obtain HBV
conjugates with different functional fragments at the final stage under mild conditions (e.g. SulfoCy5-
NHS). The main disadvantage is the formation of organogels at the stage of
obtaining&purification&use of HBV ligand. This difficulty can be overcome in several ways: 1) A
careful study of organogenic properties, with a focus on the search for aggregation/dissolution
boundaries and the compilation of solubility tables, 2) potential solution to the organogelation issue
could be the replacement of spacers, for example, with PEG-derivatives. This substitution could
change the nature of intra and intermolecular interactions, which in turn would entail a change in
the degree of aggregation and way of stacking of the molecules.

Route 4a (Scheme 8). The synthesis has not been completed to obtain the final compound due to
the synthetic difficulties encountered at stage 20/44. The main reason for this is the incomplete
orthogonality between the Fmoc and Alloc protective groups

Route 4b (Scheme 9). The target substance was not successfully synthesized due to difficulties
encountered during stages 20/43 and 21/43 of the Route. The main reason for this is the incomplete
orthogonality between the Fm and Alloc protective groups, which has led to the need for using
compound 34 in the form of *1TFA (TFA*K9NH:() at the stage of conjugation OH-DOTA(tBu)s.

Route 4c (Scheme 10). The target substance was obtained with yields from the: 1)46% - DOTA;
2)32% - 6; 3)30% - JMV594. This is better than Route 2, but worse than Route 3. Total number of stages
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- 44, The number of stages with chromatographic isolation — 7. One of the most laborious Routes
presented in the table. Quantity main difficulties of synthesis — 3 (21/44, 22/44, 44/44). The most
difficult stage was the removal from the resin and the isolation of HBV conjugate - 44/44.
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Figure 14. 20 compound structure with assignments for 'H NMR, *C NMR, N NMR.

7.27m 126 82m 233m 31.88m
Cl 7.31n"127.11n 2.20n" 32.29n
7.30m 130 21m
133.05m 7.37n"130.57n
13, 7.15m 126.07m £&
83
X8 7 23/126 24n 7.1(25 124.95n P
gs
4.47m 47.17m £ AN N
455n'406on N EE 2L E§
12.32 3.16m 46 88m S o [N
HO o) 3.21n45 20 oo o
£5 £C
173.74 [1.46m ,27.79m o< 8o
221m 0 o, 1.26m,2233m[1.420' 26 76n < = -
.20n 1.23n"22.50n,
1.78
176127602 122/31 80 2.94 12901 350 12629
: o Ahx3 Suc4 F5 F6 ™" Ahx7

(@) 6.32 6.36
397 157 27] Z.00
174%;N N acen | 17445m
H Hs27sm Li7449n
OH U s22mOH

12.32 12.32

E1 K2

Figure 15. 18 compound structure with assignments for 'H NMR, *C NMR.
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Table 2. Comparison of Routes for obtaining HBV conjugates.
DOTA Yield from the: .
Ne  Total Num. Num. of . SPPS,% LPPS,%  conjugation 1) DOTA e qecpe  is . Problem Was the final
chromatografic . Main difficulties of synthesis substance
Route of stages isolation (number) (number) stage. (Quantity 2)6 stage obtained?
of DOTA in eq.) 3) JMV594
1 1 6 80% (33) 20% (8) 19 Substanc'e was not Fow yield (20%) at the DOT‘A 1941 No (synthesis was
(Leq.) obtained. conjugation stage on CTC-2 resin. 19 stopped at stage 19)
Not complete conversion (78%) at
o4 1)25% the DOTA conjugation stage on 24 /41
2 41 6 80% (33) 20% (6) (15 eq) 2)31% MBHA Rink Amide resin. 24 41/ 41 Yes
3)27% Removal from the resin and
isolation of HBV conjugate. 41
Removal from the resin and
1)69% iso.lation of HBV ligand. 39'
3 40 ” 77% (31)  23% (9) 40 2)39% Carrying out the. DOTA coupling 39/40 Yes
(1eq.) 3)32% reaction.40 40 / 40
Chromatographic isolation of HBV
conjugate. 40
21
1.55 eq.; can be Substance was not Not complete orthogonality of Fmoc No (synthesis was
4a 4 8 70% (31)  30% (13) r(educeg to ~1.05 obtained. pand Alloc%’G. 20y 20/44 stop}()e}(’i at stage 20)
eq.)
21 Not complete orthogonality of OFm
o o (1.55 eq.; can be Substance was not and Alloc PG. 20 20/43  No (synthesis was
4 43 8 72% (31)  28% (12) reduced to ~1.05 obtained. Carrying out the DOTA coupling 21/43  stopped at stage 21)
eq.) reaction. 21
Chromatographic isolation at the
71 1)46% DOTA coupling stage. 21 21/44
4c 44 7 70% (31) 30% (13) (1eq) 2)32% Alloc Deprotection. 22 22 /44 Yes
3)30% Removal from the resin and 44 /44

isolation of HBV conjugate. 44
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Figure 16. 26* compound structure with assignments for 'H NMR, *C NMR, N NMR.

4. Material and methods

All solvents used were purified according to the described procedures [35]. All reagents were
obtained from commercial suppliers (Sigma-Aldrich, Fluka®Analytical, abcr, Carbosynth,
Lumiprobe) and used as received. The initial stages of the synthesis of vector fragments 1-6 (Scheme
1) were carried out using methods previously developed by our scientific group [23]. "H NMR spectra
were measured at Bruker Avance spectrometer operating at 400 MHz using DMSO-ds as a solvent.
Chemical shifts are reported in d units to 0.01 ppm precision with coupling constants reported to 0.1
Hz precision using residual solvent as an internal reference. *C NMR spectra were measured at
Bruker Avance spectrometer operating at 100.6 MHz using DMSO-ds as solvents. Chemical shifts are
reported in d units to 0.1 ppm precision using residual solvent as an internal reference. 2D NMR was
measured using an Agilent 400 spectrometer operating at 400 MHz for 'H and 100.6 MHz for 13C
using DMSO-ds as the solvent. As 2D NMR methods were used: ROESY, ¥C-'H HSQC, *C-'H HMBC
and “N-'H HSQC. NMR spectra were processed and analyzed using Mnova software (Mestrelab
Research, Spain).

For HPLC analysis system with Shimadzu Prominence LC-20 column and a convection fraction
collector connected with a single quadrupole mass spectrometer Shimadzu LCMS-2020 with dual
ionization source DUIS-ESI-APCI were used. The analytical and preparative column was
Phenomenex Luna 3 um C18 90A (150 x 4.6 mm) with column thermostat at 40°C and fraction
collector. High-resolution mass spectra (HRMS) were recorded on a TripleTOF 5600+ quadrupole
time-of-flight mass spectrometer (AB Sciex, Canada) equipped with a Turbolon Spray electrospray
ionization source and an LC-30 “Nexera” liquid chromatograph (Shimadzu, Japan). Solutions of
samples in acetonitrile with 1% formic acid were introduced into the ionization source by
electrospray.

Preparative chromatographic separation of the reaction mixtures was carried out using the
INTERCHIM puriFlash 4250 chromatograph. Evaporation of the solvent was carried out using a
rotary evaporator, under reduced pressure at a bath temperature of 20-50°C; Flash column
chromatography was performed using Merck silica gel 60 (230-400 ASTM mesh).

Synthesis of PSMA ligands
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synthesis of peptide sequences on CTC-2 resin

General procedure for obtaining peptide sequences by SPPS on CTC-2 resin.

Activation of 2-CTC. The mixture of 2-CTC (1 eq.; 1 g; 1.0-1.6 mmol/g; 100-200 mesh) in DCM
(10 ml/1 g) was stirred for 10 min, purged with Ar and SOCL: (3 eq.) was added dropwise. The
resulting mixture was charged with DMF (5%V/V to SOClz) and then stirred at 40-C for 4 h. After
that, the resin was filtered and transferred to a polypropylene reactor, washed with DMF (3 x 10 ml,
1 min) and DCM (3 x 10 ml, 1 min). The amount of solvent for the reaction and washing is 10 ml/1 g
of resin.

Addition of the first amino acid residue. To the CTC-2 resin (1 eq.; 1 g; 1.2-1.6 mmol/g; 100-200
mesh) in DMF (10 ml/1 g), Fmoc-protected amino acid (2 eq. relative to the upper capacity of CTC-2
resin) and DIPEA (10 eq.) were added, and the mixture was stirred for 4 h. Then, the resin was filtered
and washed with MeOH*3 (10 ml/1 g, 5 min), DCM*3 (10 ml/1 g, 1 min), DMF*3 (10 ml/1 g, 1 min),
and DCM*3 (10 ml/1 g, 1 min).

Deprotection of Fmoc. Peptide sequence on a 2-CTC resin (1 eq.) was washed with DMF*2 (10
ml/1 g, 1 min), then 4-methylpiperidine in DMF (20%/80% V/V, 15 ml) was added and stirred for 15
min, then the resin was filtered and washed with DMF*3 (10 ml/1 g, 1 min), then 4-methylpiperidine
in DMF (20%/80% V/V, 10 ml/1 g) was added and stirred for 15 min. After the resin was filtered and
washed with DMF*3 (10 ml/1 g, 1 min) and DCM*3 (10 ml/1 g, 1 min).

Deprotection of Alloc. Peptide sequence on a Rink Amide MBHA resin (leq.) was washed with
DCM*1 (10 ml/1 g, 1 min) for resin swelling, then DCM (10 ml/1 g) and PhSiHs (8 eq.) were added
and the mixture was stirred under inert atmosphere of Ar for few min; then Pd[P(Ph)s]s (0.1 eq.) was
added and the mixture was stirred under argon atmosphere for 60 min. Then the resin was filtered
and washed DCM*3 (10 ml/1 g, 2 min) DMF*3 (10 ml/1 g, 2 min) and DCM*3 (10 ml/1 g, 2 min).

Addition of the second and subsequent amino acid residues. To the mixture of CTC-2 (1 eq.)
in DMF (10 ml/1 g) Fmoc-protected amino acid (2 eq), HOBt (0.5 eq.), HBTU (2 eq.) and DIPEA (3 eq.)
were added and the mixture was stirred for 4 h. Then the resin was filtered and washed DMF*3 (10
ml/1 g, 1 min) and DCM*3 (10 ml/1 g, 1 min).

Synthesis of pentapeptide NH:-FFGK(Alloc)G on 2-CTC resin - 8.

Using 2-CTC resin (1000 mg, 1.0-1.6 mmol), FmocGly-OH (951 mg; 3.2 mmol), DIPEA (2.78 ml;
16 mmol) to add the first amino acid, FmocLys(L)(Alloc)-OH (1448 mg; 3.2 mmol), HBTU (1214 mg;
3.2 mmol), HOBt (108 mg; 0.8 mmol) and DIPEA (836 pl; 4.8 mmol) to add the second amino acid,
FmocGly-OH (951 mg; 3.2 mmol), HBTU (1214 mg; 3.2 mmol), HOBt (108 mg; 0.8 mmol) and DIPEA
(836 pl; 4.8 mmol) to add the third amino acid, FmocPhe(L)-OH (1240 mg; 3.2 mmol), HBTU (1214
mg; 3.2 mmol), HOBt (108 mg; 0.8 mmol) and DIPEA (836 pl; 4.8 mmol) to add the fourth amino acid,
FmocPhe(L)-OH (1240 mg; 3.2 mmol), HBTU (1214 mg; 3.2 mmol), HOBt (108 mg; 0.8 mmol) and
DIPEA (836 pl; 4.8 mmol) to add the fifth amino acid, the pentapeptide NH2-FFGK(Alloc)G on 2-
CTC resin was obtained.

Synthesis of tripeptide NHz-FFG on 2-CTC resin - 14.

Using 2-CTC resin (500, 0.5-0.8 mmol), FmocGly-OH (476 mg; 1.6 mmol), DIPEA (1.394 ml; 8
mmol) to add the first amino acid, FmocPhe(L)-OH (620 mg; 1.6 mmol), HBTU (607 mg; 1.6 mmol),
HOBt (54 mg; 0.4 mmol) and DIPEA (418 ul; 2.4 mmol) to add the second amino acid, FmocPhe(L)-
OH (620 mg; 1.6 mmol), HBTU (607 mg; 1.6 mmol), HOBt (54 mg; 0.4 mmol) and DIPEA (418 pl; 2.4
mmol) to add the third amino acid, the tripeptide NH2-FFG on 2-CTC resin was obtained.
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Synthesis of tripeptide NH2-FFAhx on 2-CTC resin - 17.

Using 2-CTC resin (500 mg, 0.5-0.8 mmol), FmocAhx-OH (565 mg; 1.6 mmol), DIPEA (1.394 ml;
8 mmol) to add the first amino acid, FmocPhe(L)-OH (620 mg; 1.6 mmol), HBTU (607 mg; 1.6 mmol),
HOBt (54 mg; 0.4 mmol) and DIPEA (418 ul; 2.4 mmol) to add the second amino acid, FmocPhe(L)-
OH (620 mg; 1.6 mmol), HBTU (607 mg; 1.6 mmol), HOBt (54 mg; 0.4 mmol) and DIPEA (418 pl; 2.4
mmol) to add the third amino acid, the tripeptide NH2-FFKAhx on 2-CTC resin was obtained.

Compound 13

To a mixture of pentapeptide NH2-Phe(L)Phe(L)GlyLys(Alloc)(L)Gly on 2-CTC resin 8 (1 eq.;
0.47 mmol) in DMF (10 ml) in a reactor compound 6 (1.1 eq.; 426 mg; 0.517 mmol), HOBt (0.5 eq.; 32
mg; 0.235 mmol), HBTU (2 eq.; 357 mg; 0.94 mmol), DIPEA (3 eq.; 246 ul; 1.41 mmol) were added.
The mixture was stirred for 12 h. Then the solvent was removed by filtration on a porous reactor filter
and the resin was washed three times with DMF (10 ml), three times with DCM (10 ml), then dried
from traces of solvents. After that, DCM/TFA system (99.25%-0.75%, 12 ml) was added to the resin
and left under stirring for 15 min, then the resin was filtered off and washed with DCM. The solvent
was removed under reduced pressure and the residue was re-evaporated twice with DCM. Product
was purified by column chromatography (Puriflash PF-15C18HP-F0020+PF-15C18HP-F0040 (15u
32g+15u 60g), eluent: H20(80%)/MeCN(20%) => H20(0%)/MeCN(100%) for 40 min, after
MeCN(100%) for 5 min). Compound 13 was obtained as a white amorphous solid (513 mg, 75% yield).

1H NMR (400 MHz, DMSO-d6, d): 12.53 (br.s, 1H, GI0COOH), 8.25 (t, J=6 Hz, 1H, G10NH),
8.20-8.14 (m, 1H, F5NHmn), 8.12 (d, J=8 Hz, 1H, F6NH), 8.06 (t, ]=5.9 Hz, 1H, G7NH), 7.91 (d, J=8.0
Hz, 1H, KONH), 7.82 (t, ]=5.4 Hz, m) & 7.79 (t, ]=5.4 Hz, n) (1H, Ahx3NHC, m+n), 7.42-7.09 (m, 15H,
X80n+X8en+X80m+X8em+F6e+F6d+X8nmn+F5e+F6C+F5(+ KINHC+F50+X8ymn), 6.35-6.19 (m, 2H,
K2NHm+ K2NHn+E1INHm+E1NHn), 5.95-5.82 (m, 1H, Allocf3), 5.30-5.20 (m, 1H, Allocy(a)), 5.18-5.10
(m, 1H, Allocy(b)), 4.60-4.42 (m, 5H, X8anm+Fé6a+Alloca), 4.42-4.34 (m, 1H, F5Ha), 4.32-4.20 (m, 1H,
K9a), 4.08-3.90 (m, 2H, Ela+K2am+K2an), 3.81-3.65 (m, 4H, G7a+G9«), 3.21 (t, ]=7.3 Hz, n) & 3.17 (t,
J=7.3 Hz, m) (2H, K2¢, m/n=3/2), 3.12-3.04 (m, 1H, F6f3(a)), 3.03-2.90 (m, 5H, F6(3(b)+Ahx3e+K9¢), 2.90-
282  (m, 1H,  F5B(a)), 2.71-2.60 (m, 1H,  F5B(b)),  2.40-2.10 (m, 8H,
Ahx3am+Suc4Bmn+Ely+Sucdamn+Ahx3an), 1.92-1.80 (m, 1H, E1fB(a)), 1.72-1.10 (m, 21H,
E1B(b)+K9p(a)+K2p(a)+Ahx3p3+K9p(b)+K2[3(b)+K90+Ahx30+K20+K2y+K9v+Ahx3y, m+n), 1.40-1.35
(m, 27H, tBu).

LCMS 100% in positive ion mode, 100% in negative ion mode

ESI-MS C73H1053’CIN10O1s: m/z calc. for[M+2H*]?*: 724.37, found: 724.05

HRMS (m/z, ESI): calc. for C73Hi053CIN10O1s - [M+2Na]?* 745.3541, found: 745.3531.

Compound 15

To a mixture of tripeptide NHz-Phe(L)Phe(L)Gly on 2-CTC resin 14 (1 eq.; 0.21 mmol) in DMF (5
ml) in a reactor compound 6 (1.1 eq.; 190 mg; 0.231 mmol), HOBt (0.5 eq.; 28 mg; 0.1 mmol), HBTU (2
eq.; 159 mg; 0.42 mmol), DIPEA (3 eq.; 110 pl; 0.63 mmol) were added. The mixture was stirred for 12
h. The solvent was then removed by filtration on a porous reactor filter and the resin was washed
three times with DMF (5 ml), three times with DCM (5 ml), then dried from traces of solvents. A
DCM/TFA system (99.25%-0.75%, 10 ml) was added to the resin and left under stirring for 15 min,
after the solution was filtered from the resin. The solvent was removed under reduced pressure and
the residue was re-evaporated with DCM. The crude product was purified by column
chromatography (Puriflash PF-15C18HP-F0040 (15u 60g), eluent: H20(80%)/MeCN(20%) =>
H20(0%)/MeCN(100%) for 30 min, after MeCN(100%) for 5 min). Compound 15 was obtained as a
white amorphous solid (173 mg, 70% yield).

H NMR (400 MHz, DMSO-d6, o): 1254 (s, 1H, COOH), 8.20-8.07 (m, 3H,
F5NHmn+F6NHmn+G7NH), 7.84 (t, ]=5.4 Hz, m) & 7.81 (t, ]=5.4 Hz, n) (1H, Ahx3NHC(, m+n), 7.42-7.08
(m, 14H, X8Hon+X8Hen+X8HOm+X8Hem+F6He+F6HO+
X8Hnmn+F5He+F6HC+FSHC+FSHO+X8Hymn), 6.34-6.21 (m, 2H, K2NHm+
K2NHn+E1INHm+E1NHn), 4.59-4.45 (3H, X8Han+F6Ha+X8Ham), 4.41-4.32 (m, 1H, F5Ha), 4.07-3.90
(m, 2H, E1Ha+K2Ham+K2Han), 3.75 (d, ] = 5.7 Hz, 2H, G7«), 3.26-3.13 (m, 2H, K2Hemn), 3.12-3.05
(m, 1H, F6Hp(a)), 3.04-2.90 (m, 3H, Ahx3He(mn)+F6HP (b)), 2.90-2.81 (m, 1H, F5Hp(a)), 2.69-2.59 (m,
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1H, F5HB(b)), 2.40-2.10 (m, 8H, Ahx3Ham+Suc4HBmn+E1Hy+Suc4Hamn+Ahx3Hoan), 1.92-1.80 (m,
1H, EI1Hp(a)), 1.72-1.62 (m, 1H, E1HP(b)), 1.62-1.10 (m, 12H, K2Hp(a)+tAhx3Hp+
K2Hp(b)+Ahx3Hd+K2Hd+K2Hy+ Ahx3HYy, m+n), 1.40-1.35 (m, 27H, tBu).

HRMS (m/z, ESI): cale. for CeitHssCIN7O1s - [M+2Na*]** 610.7853, found: 610.7863.

Compound 18

To a mixture of tripeptide NH2-Phe(L)Phe(L)Ahx on 2-CTC resin 17 (1 eq.; 0.339 mmol) in DMF
(5 ml)in a reactor compound 6 (1.1 eq.; 308 mg; 0.373 mmol), HOBt (0.5 eq.; 23 mg; 0.17 mmol), HBTU
(2.5 eq.; 322 mg; 0.85 mmol), DIPEA (3.75 eq.; 220 pl; 1.27 mmol) were added. The mixture was stirred
for 12 h. The solvent was then removed by filtration on a porous reactor filter and the resin was
washed three times with DMF (7 ml), three times with DCM (7 ml), and then dried from traces of
solvents. A DCM/TFA system (99.25%-0.75%, 10 ml) was added to the resin and left under stirring
for 15 min, after the solution was filtered from the resin. The solvent was removed under reduced
pressure and the residue was re-evaporated with DCM. The crude product was purified by column
chromatography (Puriflash PF-15C18HP-F0040 (15u 60g), eluent: H20(80%)/MeCN(20%) =>
H20(0%)/MeCN(100%) for 30 min, after MeCN(100%) for 5 min). Compound 18 was obtained as a
white amorphous solid (322 mg, 77% yield).

1H NMR (400 MHz, DMSO-d6, 8): 11.99 (s, 1H, COOH), 8.31 (d, J=7.3 Hz, 1H, F5NHmn), 8.17
(d, J=8.4 Hz 1H, F6NHmn), 7.96 (t, ]=5.4 Hz, m) & 7.93 (t, ]=5.4 Hz, n) (1H, Ahx3NHC(, m+n), 7.55-7.44
(m, 1H, Ahx7NHU0), 7.42-7.08 (m, 14H,
X8Hon+X8Hen+X8Hom+X8Hem+F6He+FoHO+X8HNmn+F5He+FOHC+FSHC+F5HO+X8HYmn),  6.35-
6.19 (m, 2H, K2NHm+ K2NH#n+E1INHm+E1NH#n), 4.55 (s, n) & 4.47 (s, m) (2H, X8Ha, m+n), 4.44-4.34
(m, 1H, F6Ha), 4.34-4.24 (m, 1H, F5Ha), 4.08-3.90 (m, 2H, E1Ha+K2Ham+K2Han), 3.26-3.12 (m, 2H,
K2Hemn), 3.11-2.84 (m, 7H, F6Hp(a)+Ahx7He+Ahx3He(mn) +F6HB(b)+F5HpB(a)), 2.69-2.59 (m, 1H,
F5HB(b)), 2.40-2.10 (m, 10H, Ahx3Ham+Suc4HpPmn+E1Hy+SucdHamn+Ahx7Ha+ Ahx3Han), 1.91-
1.80 (m, 1H, E1HpB(a)), 1.72-1.62 (m, 1H, E1HB(b)), 1.62-1.10 (m, 18H, K2Hp(a)+Ahx3Hp+Ahx7H3+
K2Hp(b)+Ahx3Ho+Ahx7HO+K2Hd+K2Hy+Ahx3Hy+Ahx7Hy, m+n), 1.40-1.35 (m, 27H, tBu).

13C NMR (101 MHz, DMSO-d6, 0): 174.48 (Ahx7C), 172.89 (Suc4Cy(n)), 172.83 (SucdCy(m)),
172.24 (K2C(n)), 172.20 (K2C(m)), 172.11 (Ahx3C(nm)), 171.92 (E1C), 171.59 (Suc4C(mn)), 171.44
(E1C), 171.05 (F5C), 170.46 (F6C), 157.13 (U), 141.17 (X8CP(m)), 140.76 (X8CP(n)), 138.18 (F6Cy),
138.05 (F5Cy), 133.42 (X8CL(n)), 133.07 (X8CL(m)), 130.59 (X8Cd(n)), 130.24 (X8Cd(m)), 129.02
(F6CO+F5Cd), 128.14 (F6Ce), 128.07 (F5Ce), 127.20 (X8Cn(m)), 127.15 (X8Ce(n)), 126.86 (X8Ce(m)),
126.30 (F6CC), 126.24 (X8Cn(n)+F5CC), 126.05 (X8Cy(m)), 124.95 (X8Cy(n)), 80.58 (E1tBu), 80.40
(K2tBu(m)), 80.32 (K2tBu(n)), 79.75 (E1dtBu), 55.05 (F5Ca), 54.33 (F6Ca), 52.99 (K2Ca(n)), 52.86
(K2Ca(m)), 52.17 (E1Ca), 49.60 (X8Ca(n)), 47.08 (X8Ca(m)), 46.79 (K2Cge(m)), 45.19 (K2Cg(n)), 38.65
(Ahx3Ce(m)), 38.59 (Ahx3Ce(n)), 38.47 (Ahx7Ce¢), 37.11 (F6C), 36.78 (F5Cp), 33.62 (Ahx7Ca), 32.31
(Ahx3Ca(n)), 31.94 (Ahx3Ca(m)), 31.81 (K2Cp), 30.91 (E1Cy), 30.64 (Suc4Ca), 30.52 (SucdCp), 29.06
(Ahx3Cd(m)), 28.96 (Ahx3Cd(n)), 28.63 (Ahx7Cd), 27.74 (tBuEl), 27.65 (tBuK2+K2Cd(m)), 27.62
(tBuE1d), 27.53 (E1Cp), 26.70 (K2Cd(n)), 26.33 (Ahx3Cy(m)), 26.24 (Ahx3Cy(n)), 25.83 (Ahx7Cy), 24.73
(Ahx3Cp(m)), 24.59 (Ahx3C(n)), 24.24 (Ahx7Cp), 22.43 (K2Cy(n)), 22.25 (K2Cy(m)).

HRMS (m/z, ESI): calc. for CesHosCIN7Ou4 - [M+Na*]* 1254.6439, found: 1254.6429.

Compound 18~

Compound 18 (1 eq.; 45 mg; 36.52 pmol) was dissolved in system of TFA/DCM/TIPS
(47.5%/47.5%/5%, V = 3 ml). The mixture was stirred for 3h. The solvent was removed under reduced pressure.
Crude product was precipitated by Et,O, washed twice with Et;O (2 ml) and purified by column
chromatography (Puriflash PF-15CI18HP-F0012 (15p 20g), eluent: H>O(90%)/MeCN(10%) =>
H>0(0%)/MeCN(100%) for 30 min, after MeCN(100%) for 5 min). Compound 18* was obtained as a white
amorphous solid (31.6 mg, 81% yield).

H NMR (400 MHz, DMSO-d6, 8): 12.32 (br.s., 4H, COOH), 8.29 (d, J=7.3 Hz, 1H, F5NHmn),
8.21-8.11 (m, 1H, F6NHmn), 7.94 (t, J=5.4 Hz, m) & 7.92 (t, ]=5.4 Hz, n) (1H, Ahx3NHC(, m+n), 7.55-7.44
(m, 1H, Ahx7NHU0), 7.42-7.08 (m, 14H,
X8Hon+X8Hen+X8HOm+X8Hem+F6He+F6HO+X8HNmn+F5He+F6H +F5H +F5HO+X8Hymn),  6.40-
6.25 (m, 2H, K2NHm+ K2NHn+EINHm+E1NHn), 4.55 (s, n) & 4.47 (s, m) (2H, X8Ha, m+n), 4.45-4.35
(m, 1H, F6Ha), 4.34-4.24 (m, 1H, F5Ha), 4.15-3.99 (m, 2H, E1Ha+K2Ham+K2Han), 3.26-3.12 (m, 2H,
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K2Hemn), 3.11-2.84 (m, 7H, F6HP(a)+Ahx7He+Ahx3He(mn) +F6HB(b)+F5HB(a)), 2.69-2.59 (m, 1H,
F5HB(b)), 2.40-2.10 (m, 10H, Ahx3Ham+Suc4HpPmn+E1Hy+SucdHamn+Ahx7Ha+ Ahx3Han), 1.99-
1.85 (m, 1H, E1Hf(a)), 1.78-1.67 (m, 1H, E1HB(b)), 1.67-1.10 (m, 18H, K2HpB(a)+Ahx3Hp+Ahx7Hp+
K2Hp(b)+Ahx3Hdo+Ahx7HO+K2Hd+K2Hy+Ahx3Hy+Ahx7Hy, m+n).

13C NMR (101 MHz, DMSO-d6, 8): 174.49 (K2C(n)), 174.45 (K2C(m)+Ahx7C), 174.17 (E1C),
173.74 (E1Cd), 172.80 (Suc4Cy(n)), 172.76 (SucdCy(m)), 172.15 (Ahx3C(nm)), 171.57 (SucdC(mn)),
171.02 (F5C), 170.46 (F6C), 157.27 (U), 141.21 (X8Cp(m)), 140.80 (X8Cp(n)), 138.12 (F6Cy), 138.02
(F5Cy), 133.40 (X8CL(n)), 133.05 (X8CL(m)), 130.57 (X8Cd(n)), 130.21 (X8Cd(m)), 129.01 (F6CO+F5CD),
128.13 (F6Ce), 128.06 (F5Ce), 127.19 (X8Cn(m)), 127.11 (X8Ce(n)), 126.82 (X8Ce(m)), 126.29 (F6CC),
126.24 (X8Cn(n)+F5CC), 126.07 (X8Cy(m)), 124.95 (X8Cy(n)), 54.96 (F5Ca), 54.31 (F6Ca), 52.27
(K2Ca(n)), 52.15 (K2Ca(m)), 51.69 (E1Ca), 49.62 (X8Ca(n)), 47.17 (X8Ca(m)), 46.88 (K2Ce(m)), 45.29
(K2Ce(n)), 38.66 (Ahx3Ce(m)), 38.59 (Ahx3Ce(n)), 38.47 (Ahx7Ce), 37.13 (F6Cp), 36.80 (F5Cp), 33.61
(Ahx7Ca), 32.29 (Ahx3Ca(n)), 31.88 (Ahx3Ca(m)), 31.80 (K2Cp), 30.67 (Suc4Ca), 30.55 (SucdC), 29.94
(E1Cy), 29.04 (Ahx3Cd(m)), 28.93 (Ahx3Cd(n)), 28.59 (Ahx7Cd), 27.79 (K2Cd(m)), 27.60 (E1CP), 26.76
(K2Cd(n)), 26.28 (Ahx3Cy(m)), 26.21 (Ahx3Cy(n)), 25.81 (Ahx7Cy), 24.71 (Ahx3Cp(m)), 24.57
(Ahx3Cp(n)), 24.22 (Ahx7Cp), 22.50 (K2Cy(n)), 22.33 (K2Cy(m)).

Synthesis of GRPr ligands

Synthesis of peptide sequences on Rink Amide MBHA resin.

e

¢ PG O
HN; e . 3
@\ TrtN/\4
N OH 0

|:H2N a \/5\/\/%{L ﬁr{ \){ \U)L{ \)% N\a/k){ a
TrtHN o OMe
K9 Ahx10 F6(D) Q7 W8 A9 V10 G111 H12 Sta13 L14  Rink amide
MBHA resin

General procedure for obtaining peptide sequences by SPPS on Rink Amide MBHA resin.

Activation of Rink Amide MBHA resin. To a Rink Amide MBHA resin (1 eq., 0.3-0.8 mmol/g,
100-200 mesh) in polypropylene reactor DCM (10 ml/1 g) was added and the mixture was left under
stirring for 60 min. Then the Fmoc protection was removed by the standard protocol.

Addition of the first amino acid residue. To a Rink Amide MBHA resin (1 eq., 0.3-0.8 mmol/g,
100-200 mesh) in DMF (10 ml/1 g) Fmoc-protected amino acid (4 eq. relative to the upper capacity of
Rink Amide MBHA resin), PyBOP (4 eq.), HOBt (4 eq.), DIPEA (8 eq.) were added in atmosphere of
Ar and the mixture was stirred overnight. Then, the resin was filtered and washed with DMF*3 (10
ml/1 g, 2 min), and DCM*3 (10 ml/1 g, 2 min).

Deprotection of Fmoc. Peptide sequence on a Rink Amide MBHA resin (1 eq.) was washed with
DCM (10 ml/1 g, 1 min) for resin swelling. The mixture was charged with 4-methylpiperidine in DMF
(20%/80% V/V, 15 ml) and stirred for 15 min, then the resin was filtered and washed with DMF (10 ml/1 g, 1
min) - this series of operations was performed 3 times. After that, the resin was filtered and washed with DMF*3
(10 ml/1 g, 2 min) and DCM*3 (10 ml/1 g, 2 min).

Deprotection of Alloc. Peptide sequence on a Rink Amide MBHA resin (1 eq.) was washed with
DCM (10 ml/1 g, 1 min) for resin swelling, then DCM (10 ml/1 g), PhSiHs (8 eq.) were and the mixture
was stirred under inert atmosphere of Ar for few min; then added Pd[P(Ph)s]s+ (0.1 eq.) and the
mixture was stirred under inert atmosphere of Ar for 60 min, then the resin was filtered and washed
DCM*3 (10 ml/1 g, 2 min) DMF*3 (10 ml/1 g, 2 min), and DCM*3 (10 ml/1 g, 2 min).
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Addition of the second and subsequent amino acid residues. To a peptide sequence on Rink
Amide MBHA resin (1 eq.) in DMF (10 ml/1 g) Fmoc-protected amino acid (2 eq. relative to the upper
capacity of Rink Amide MBHA resin), PyBOP (2 eq.), HOBt (0.5 eq.), DIPEA (4 eq.) were added under argon
atmosphere and the mixture was stirred overnight. Then the resin was filtered and washed with DMF*3 (10
ml/1 g, I min) and DCM*3 (10 ml/1 g, 1 min).

Using Rink Amide MBHA resin (500 mg, 0,15-0,4 mmol), FmocLeu-OH (565 mg, 1.6 mmol),
PyBOP (832 mg, 1.6 mmol), HOBt (216 mg, 1.6 mmol), DIPEA (557 pl, 3.2 mmol) to add the first amino
acid, Fmoc(5,5)Sta-OH (198 mg, 0.5 mmol), PyBOP (260.2 mg, 0.5 mmol), HOBt (16.9 mg, 0.125 mmol),
DIPEA (174 pl, 1.0 mmol) to add the second amino acid, FmocHis(Trt)-OH (372 mg, 0.6 mmol),
PyBOP (312 mg, 0.6 mmol), HOBt (20.3 mg, 0.15 mmol), DIPEA (210 pl, 1.2 mmol) to add the third
amino acid, FmocGlu-OH (238 mg, 0.8 mmol), PyBOP (416 mg, 0.8 mmol), HOBt (27 mg, 0.2 mmol),
DIPEA (279 pl, 1.6 mmol) to add the fourth amino acid, FmocVal-OH (272 mg, 0.8 mmol), PyBOP
(416 mg, 0.8 mmol), HOBt (27 mg, 0.2 mmol), DIPEA (279 pl, 1.6 mmol) to add the fifth amino acid,
FmocAla-OH (249 mg, 0.8 mmol), PyBOP (416 mg, 0.8 mmol), HOBt (27 mg, 0.2 mmol), DIPEA (279
ul, 1.6 mmol) to add the sixth amino acid, FmocTrp(Boc)-OH (316 mg, 0.8 mmol), PyBOP (416 mg,
0.8 mmol), HOBt (27 mg, 0.2 mmol), DIPEA (279 pl, 1.6 mmol) to add the seventh amino acid,
FmocGIn(Trt)-OH (305 mg, 0.5 mmol), PyBOP (416 mg, 0.8 mmol), HOBt (27 mg, 0.2 mmol), DIPEA
(279 pl, 1.6 mmol) to add the eighth amino acid, FmocPhe(D)-OH (233mg, 0.6 mmol), PyBOP (416
mg, 0.8 mmol), HOBt (27 mg, 0.2 mmol), DIPEA (279 pul, 1.6 mmol) to add the ninth amino acid, the
amino acid sequence NH2-F(D)QWAVGHStaL on Rink Amide MBHA resin 20 was obtained.

Using FmocAhx-OH (212 mg, 0.6 mmol), PyBOP (416 mg, 0.8 mmol), HOBt (27 mg, 0.2 mmol),
DIPEA (279 pl, 1.6 mmol) to add the tenth amino acid, FmocLys(Alloc)-OH (226 mg, 0.5 mmol),
PyBOP (416 mg, 0.8 mmol), HOBt (27 mg, 0.2 mmol), DIPEA (279 ul, 1.6 mmol) to add the eleventh
amino acid, the amino acid sequence NH2-K(Alloc) AhxF(D) QWA VGHStaL on Rink Amide MBHA
resin 21 was obtained.

Using FmocLys(Boc)-OH (234 mg, 0.5 mmol), PyBOP (416 mg, 0.8 mmol), HOBt (27 mg, 0.2
mmol), DIPEA (279 ul, 1.6 mmol) to add the eleventh amino acid, the amino acid sequence NH>-
K(Boc) AhxF(D)QWAVGHStaL on Rink Amide MBHA resin 22 was obtained.

Compound 20*

To establish the chemical purity and evaluate the actual capacity of Rink Amide MBHA resin
coated with the peptide sequence NH:-F(D)QWAVGHStaL 20, removal of part of the peptide
sequence from the polymer substrate was carried out.

Part of the resin was transferred to a 10 ml round-bottomed glass flask, charged with the system
of TFA/TIPS/PhSMe/Hz20 (90%/5%/4%/1%, 2 ml) and stirred for 1.5 h. Then the resulting solution was
separated on a sintered glass filter, washing the residue twice with TFA. The solvent was removed
under reduced pressure, crude product was precipitated by Et2O and purified by column
chromatography (Puriflash PF-15CI18HP-F0012 (15p 20g), eluent: H>O(90%)/MeCN(10%) =>
H>0(40%)/MeCN(60%) for 40 min, after MeCN(100%) for 10 min). Compound 20* was obtained in several
forms: *2TFA; free NH2 (23 mg, 58% yield from max resin capacity).

H NMR (400 MHz, DMSO-ds, d) for *2TFA form: 14.34 (br.s., 2H, H12(2)<=>(4) +H*), 10.85 (s,
1H, W8(3)), 8.95 (s, 1H, H12(3)), 8.57 (d, ] = 8.0 Hz, 1H, Q7NH), 8.30 (d, ] = 7.7 Hz, 1H, W8NH), 8.28-
8.21 (m, 2H, G11NH+A9NH), 8.20-8.00 (m, 4H, F6(D)NHs*+H12NH), 7.88 (d, ] = 8.0 Hz, 1H, L14NH),
7.79 (d, ] =8.4 Hz, 1H, VIONH), 7.66 (d, ] = 7.8 Hz, 1H, W8(8)), 7.60 (d, ] = 8.9 Hz, 1H, Stal3NH), 7.41
(s, 1H, L14NHz(a)), 7.35 (s, 1H, H12(5)), 7.34-7.28 (m, 3H, W8(5)+F6(D)e), 7.28-7.20 (m, 4H,
F6(D)o+F6(D)+Q7NHz(a)), 7.17 (d, J = 2.1 Hz, 1H, W8(2)), 7.08-7.00 (m, 2H, W8(6)+L14NHz2(b)), 7.00-
6.93 (m, 1H, W8(7)), 6.79 (s, 1H, Q7NHz2(b)), 4.94 (br.s., 1H, Stal30OH), 4.67-4.59 (m, 1H, H12«), 4.59-
4.50 (m, 1H, W8a), 4.45-4.35 (m, 1H, A9a), 4.35-4.25 (m, 1H, Q7a), 4.25-4.12 (m, 2H, L14a+V10a), 4.12-
402 (m, 1H, Fé6(D)a), 3.89-3.65 (m, 4H, Stal3a+Stal3p+Glla), 3.16-3.00 (m, 3H,
H12p(a)+W8pB(a)+F6(D)p(a)), 3.00-2.85 (m, 3H, HI12p(b)+W8B(b) +F6(D)B(b)), 2.24-2.04 (m, 2H,
Stal3y), 2.03-1.87 (m, 3H, V103+Q7v), 1.84-1.69 (m, 1H, Q7pB(a)), 1.68-1.55 (m, 2H, Q7[(b)+L14y), 1.54-
1.40 (m, 3H, Stal3e+L14p3), 1.40-1.22 (m, 2H, Stal3d(a)+Stal3d(b)), 1.20 (d, ] = 7.0 Hz, 3H, A9p3), 0.91-
0.76 (m, 18H, L14d(a)+Stal3((a)+V10y(a) +L14d(b)+V10v(b)+Stal3C(b)).
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H NMR (400 MHz, DMSO-ds, d) for free NH: form: 11.86 (br.s., 1H, H12(2)<=>(4)), 10.83 (s, 1H,
W8(3)), 8.31-7.90 (m, 6H, G1INH+AINH+W8NH+H12(3)+Q7NH+H12NH), 7.78 (d, ] = 8.5 Hz, 1H,
VI0NH), 7.61 (d, ] = 7.8 Hz, 1H, W8(8)), 7.59-7.36 (m, 3H, L14NHz(a)+L14NH+Stal3NH), 7.30 (d, ] =
7.8 Hz, 1H, W8(5)), 7.26-7.10 (m, 7H, F6(D)do+Q7NH:z(a)+ F6(D)e+W8(2)+F6(D)C), 7.08-6.93 (m, 3H,
W8(6)+L14NHz(b)+W8(7)), 6.86 (br.s., 1H, H12(5)), 6.77 (s, 1H, Q7NHz2(b)), 4.98 (br.s., 1H, Stal30OH),
4.58-450 (m, 1H, W8a), 4.50-4.43 (m, 1H, H12a), 4.43-4.34 (m, 1H, A9«), 4.26-4.16 (m, 2H,
L14a+V10a), 4.16-4.06 (m, 1H, Q7«), 3.86-3.64 (m, 4H, Stal3a+Stal3+Glla), 3.43-3.36 (m, 1H,
F6(D)a), 3.18-3.07 (m, 1H, W8[3(a)), 3.00-2.86 (m, 3H, H12{3(a)+F6(D)B(a)+W8pB(b)), 2.86-2.76 (m, 1H,
H12pB(b)), 2.54-2.45 (m, 1H, F6(D)B(b)), 2.25-1.92 (m, 5H, Stal3y+V108+Q7vy), 1.87-1.76 (m, 1H,
Q7B(a)), 1.72-1.55 (m, 2H, Q7p(b)+L14y), 1.51-1.27 (m, 4H, Stal3e+L14{ +Stal3d(a)), 1.26-1.12 (m, 4H,
A9B+5tal30(b)), 0.90-0.73 (m, 18H, L14d(a)+Stal3((a)+V10y(a) +L140(b)+V10v(b)+ Stal3((b)).

13C NMR (101 MHz, DMSO-ds, 8) for *2TFA form: 174.70 (L14C), 173.74(Q70) 172.29 (A9C),
171.42 (W8C+V10C), 170.91(Stal3C), 170.77 (Q7C), 169.66 (H12C), 168.82 (G11C), 167.82 (F6(D)C),
158.95 (TFA), 158.64 (TFA), 158.32 (TFA), 158.01 (TFA), 136.13 (W8(4)), 134.96 (F6(D)y), 133.79
(H12(3)), 129.56 (F6(D)d), 129.37 (H12(1)), 128.56 (F6(D)e), 127.24 (F6(D)C), 127.22 (W8(9)), 124.04
(W8(2)), 121.67 (TFA), 120.94 (W8(6)), 118.70 (TFA), 118.65 (W8(8)), 118.27 (W8(7)), 116.95 (H12(5)),
115.72 (TFA), 112.75 (TFA), 111.37 (W8(5)), 109.89 (W8(1)), 69.04 (Stal3f), 57.78 (V10a), 53.36
(F6(D)atW8a), 52.00 (Q7a), 51.75 (H12a), 51.05 (L14a), 50.87 (Stal3a), 48.28 (A9«x), 41.99 (Glla),
40.86 (L14p), 39.60 (Stal3y), 39.16 (Stal3d), 37.31 (F6(D)3), 31.18 (Q7v), 30.64 (V10p), 28.72 (Q7[3), 27.72
(W8p), 27.45 (H12p3), 24.27 (L14y+Stal3e), 23.32 (Stal3((a)), 23.14 (L140(a)), 21.95 (Stal3((b)), 21.56
(L1405(b)), 19.23 (V10vy(a)), 18.03 (V10y(b)), 17.76 (A9P).

5N NMR (41 MHz, DMSO-ds, ) for *2TFA form: 180.27 (H12N4), 177.08 (H12N2), 131.30
(W8N3), 124.72 (L14N), 121.69 (A9N), 121.57 (Q7N), 120.25 (W8N), 120.06 (Stal3N), 115.48 (H12N),
113.99 (V10N), 108.74 (Q7Ne), 108.32 (G11N), 104.81 (L14NH>).

LCMS 100% in positive ion mode

ESI-MS (m/z) CssHsoN14On1: cale. for[M+2H*]*: 557.31, found: 557.75

HRMS (m/z, ESI): calc. for CssHsoN14O11 - [M+2H] 2 557.3138, found: 557.315

Compound 22x

To establish the chemical purity and evaluate the actual capacity of Rink Amide MBHA resin
coated with the peptide sequence NH2-KAhxF(D)QWAVGHStaL 22, removal of part of the peptide
sequence from the polymer substrate was carried out.

Part of the resin was transferred to a 10 ml round-bottomed glass flask, charged with the system
of TFA/TIPS/PhSMe/Hz20 (90%/5%/4%/1%, 5 ml) and stirred for 1.5 h. Then the resulting solution was
separated on a sintered glass filter, washing the residue twice with TFA. The solvent was removed
under reduced pressure, crude product was precipitated by Et2O and purified by column
chromatography (Puriflash PF-15CI18HP-F0012 (15p 20g), eluent: H>O(90%)/MeCN(10%) =>
H>0(40%)/MeCN(60%) for 40 min, after MeCN(100%) for 10 min). Compound 22* was obtained as *3TFA
form (32.3 mg, 58% yield from max resin capacity).

1H NMR (400 MHz, DMSO-d¢, d) for *3TFA form: 14.16 (br.s., 2H, H12(2)+(4) +H~), 10.80 (s, 1H,
W8(3)), 8.91 (s, 1H, H12(3)), 8.40 (t, ] = 5.6 Hz, 1H, Ahx10NHC), 8.36 (d, ] =7.2 Hz, 1H, F6(D)NH), 8.25
(t,J=5.7 Hz, 1H, G11NH), 8.22-8.00 (m, 6H, W8NH+Q7NH+H12NH+K9NHzs*), 7.98 (d, ] =7.3 Hz, 1H,
A9NH), 7.88 (d, ] =8.0 Hz, 1H, L14NH), 7.79 (br.s., 3H, KO9NHs*), 7.64 (d, ] = 8.4 Hz, 1H, V1I0NH), 7.61-
7.54 (m, 2H, W8(8)+Stal3NH), 7.41 (s, 1H, L14NH(a)), 7.34 (s, 1H, H12(5)), 7.31 (d, ] = 7.8 Hz, 1H,
W8(5)), 7.28-7.20 (m, 4H, F6(D)e+F6(D)(+Q7NHz2(a)), 7.20-7.12 (m, 2H, F6(D)o+W8(2)), 7.08-7.00 (m,
2H, W8(6)+L14NH:(b)), 7.00-6.92 (m, 1H, W8(7)), 6.78 (s, 1H, Q7NHx(b)), 4.96 (br.s., 1H, Stal30OH),
4.67-4.59 (m, 1H, H12«), 4.52-4.41 (m, 2H, F6(D)a+W8«), 4.40-4.30 (m, 1H, A9«), 4.23-4.05 (m, 3H,
Q7a+L14a+V10a), 3.89-3.62 (m, b5H, K9a+Stal3a+Stal3p+Glla), 3.20-2.87 (m, 7H,
H12p3(a)+K9e+W8[3(a)+F6(D)B(a)+H123(b)+W8B(b)), 2.81-2.68 (m, 3H, Ahx10e+F6(D)p(b)), 2.20-2.03
(m, 4H, Stal3y+Ahx10a), 2.03-1.87 (m, 3H, V10p+Q7y), 1.85-1.72 (m, 1H, Q7pB(a)), 1.71-1.63 (m, 2H,
Q7B (b)+L14vy), 1.63-1.23 (m, 15H,
K9B(a)+K90+5tal3e+K9pB(b)+Ahx103+L14p3+Ahx100+5tal3d(a)+K9y+ Stal3d(b)), 1.20 (d, ] = 7.0 Hz,
3H, A9B), 1.16-1.05 (m, 2H, Ahx10y), 0.91-0.76 (m, 18H, L14d(a)+Stal3((a)+V10y(a)+L140(b)
+V10vy(b)+Stal3L(b)).


https://doi.org/10.20944/preprints202405.0810.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 May 2024 doi:10.20944/preprints202405.0810.v1

30

Route 1
Compound 12

‘%ﬁ%%%ﬁv“

( O=16

Ahx3 Sucd  F5 F6 £ £ 1
HN {4 3 G
4 2 N 4 N6
o 14 7,

il
12NN0/N 19
oz 1! 9200

$o | R
24—=0
2%, 22

70 DOTA(tBu);

To a mixture of Alloc-deprotected compound 9 on 2-CTC resin (1 eq.; 0.15 mmol) in DMF (10
ml) in reactor HO-DOTA(tBu)s (1 eq.; 86 mg; 0.15 mmol), HOBt (0.5 eq.; 10 mg; 0.075 mmol), HBTU
(2 eq.; 114 mg; 0.3 mmol), DIPEA (3 eq.; 78 pl; 0.45 mmol) were added. The mixture was stirred 24 h
under inert atmosphere of Ar. Then the solvent was removed by filtration on a porous reactor filter and the resin
was washed three times with DMF (10 ml), three times with DCM (10 ml), then dried from traces of solvents.

A DCM/TFA system (99%-1%, 10 ml) was added to the resin and left under stirring for 15 min,
after that, the solution was filtered from the resin. The solvent was removed under reduced pressure
and the residue was re-evaporated with DCM. Next, the residue was dissolved in DCM (20 ml) and
washed with saturated NaHCO:s solution (2*20 ml). The organic fraction was dried over Na25Os.
Afterwards, the solvent was removed under reduced pressure. The crude residue was purified by
column chromatography (Puriflash PF-15C18HP-F0012+PF-15C18HP-F0012 (15u 20g+15p 20g),
eluent: H20(90%)/MeCN(10%) => H20(0%)/MeCN(100%) for 30 min, after MeCN(100%) for 5 min).
Compound 12 was obtained as a white amorphous solid (58 mg, 20% yield).

H NMR (400 MHz, DMSO-d6, o): 8.32-822 (m, 1H, GIONH), 8.21-814 (m, 2H,
F5NHmn+F6NH), 8.12-8.02 (m, 1H, G7NH), 7.92 (d, J=8.0 Hz, 1H, K9NH), 7.89-7.79 (m, 1H, Ahx3NHC,
mn), 7.42-7.09 (m, 15H, X80n+X8en+X8dm+X8em
+F6e+F60+X8nNmn+F5e+F6C+F5C+KINHC+F50+X8ymn), 6.35-6.19 (m, 2H,
K2NHm+K2NHn+EINHm+E1NH#n), 4.60-4.42 (m, 3H, X8anm+F6a), 4.42-4.34 (m, 1H, F5Ha), 4.33-
4.20 (m, 1H, K9a), 4.08-3.90 (m, 2H, Ela+K2am+K2an), 3.81-3.58 (m, 4H, G7a+G9a), 3.80-1.60 (br.m.,
24H, DOTA), 3.25-2.81 (m, 9H, K2enm+F63(a)+K9e+F6(3(b)+Ahx3e+F503(a)), 2.70-2.60 (m, 1H, F5p(b)),
2.40-2.10 (m, 8H, Ahx3am+Suc4pmn+Ely+Sucdamn+Ahx3an), 1.92-1.80 (m, 1H, E1p(a)), 1.72-1.10 (m,
19H, E1p(b)+K9p(a)+K2pB(a)+Ahx3p+K9IB(b)+K2p(b)+K90+Ahx30+K20+K2y+K9y+Ahx3y, m+n), 1.47
(s, 9H, 22), 1.40-1.35 (m, 45H, 18+26+tBu).

Route 2

Compound 24~

To a mixture of compound 21 on Rink Amide MBHA resin (1 eq.; 0.153 mmol = 58% from max
capacity) in DMF (10 ml) in reactor HO-DOTA(tBu)s (1.5 eq.; 131 mg; 0.228 mmol), HOBt (0.5 eq.; 10 mg;
0.076 mmol), PyBOP (2.45 eq.; 194 mg; 0.3735 mmol), DIPEA (5 eq.; 133 pl; 0.765 mmol) were added. The
mixture was stirred for 24 h under inert atmosphere of Ar. Then the solvent was removed by filtration on a
porous reactor filter and the resin was washed three times with DMF (10 ml), three times with DCM (10 ml),
then dried from traces of solvents. Afterwards, Alloc was removed according to the standard protocol.

To establish the chemical purity and evaluate the actual capacity of Rink Amide MBHA resin
coated with a peptide sequence DOTA-K(NH2)AhxF(D)QWAVGHStaL 24, removal of part of the
peptide sequence from the polymer substrate was carried out.
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Part of the resin was transferred to a 10 ml round-bottomed glass flask, charged with the system
of TEA/TIPS/PhSMe/H20 (90%/5%/4%/1%, 5 ml) and stirred for 3 h. Then the resulting solution was
separated on a sintered glass filter, washing the residue twice with TFA. The solvent was removed
under reduced pressure, crude product was precipitated by Et2O and purified by column
chromatography  (Puriflash PF-15C18HP-F0012 (15p 20g), eluent: H>O0(95%)/MeCN(5%) =>
H>0(50%)/MeCN(50%) for 40 min, after MeCN(100%) for 10 min). Compound 22* was obtained as *3TFA
form (18.2 mg, 22% of total capacity) and target compound 24* (70 mg, 78% of total capacity), where total
capacity = 55% of max resin capacity.

'H NMR (400 MHz, DMSO-ds, 0): 10.86 (s, 1H, WS8§(3)), 8.63-843 (m, 3H,
Q7NH+G1INH+F6(D)NH), 8.42-8.30 (m, 2H, W8NH+H12NH), 8.20-8.10 (m, 2H, L14NH+A9NH),
8.10-7.97 (m, 2H, Ahx10NHC+KONH), 7.90-7.76 (m, 1H, VIONH), 7.61-747 (m, 4H,
W8(8)+H12(3)+L14NH2(a)+Stal3NH), 7.30 (d, ] = 7.8 Hz, 1H, W8(5)), 7.27-7.12 (m, 7H, F6(D)e+F6(D)C+
Q7NHz(a)+F6(D)d+W8(2)), 7.08-6.92 (m, 3H, W8(6)+L14NH:(b)+W8(7)), 6.83 (br.s., 1H, H12(5)), 6.76
(s, 1H, Q7NH:(b)), 5.10 (br.s., 1H, Stal30OH), 4.55-4.30 (m, 4H, W8a+H12a+F6(D)a+A9%x), 4.22-4.04
(m, 4H, K9a+V10a+L14a+Q7c), 3.85-3.62 (m, 4H, Stal3a+Stal3p+Glla), 3.80-1.60 (br.m., 24H,
DOTA), 3.20-2.87 (m, 10H, H12p(a)+K9e+W8B(a)+F6(D)p(a) +H12B(b)+W8B(b)+Ahx10e+F6(D)B(b)),
2.20-2.03 (m, 4H, Stal3y+Ahx10a), 2.03-1.86 (m, 3H, V10B+Q7vy), 1.85-1.71 (m, 2H, Q7p(a)+K9p3(a)),
1.70-1.52 (m, 2H, Q7p(b)+L14y+K90), 1.52-1.13 (m, 11H, K9B(b)+L143+Stal3e+Ahx10p+Stal3d(a)
+Ahx100+K9y), 1.26-1.15 (m, 4H, A9p+5tal3d(b)), 1.14-1.02 (m, 2H, Ahx10vy), 0.91-0.73 (m, 18H,
L140(a)+V10y(a)+L140(b) +V10vy(b)+Stal3l(a) +Stal3l(b)).

LCMS 92% in negative ion mode

ESI-MS (m/z) CssH120N21020: calc. for[M-2H*]?: 868.97, found: 868.96

Compound 25X
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To a mixture of compound 24 on Rink Amide MBHA resin (1 eq.; 97 pmol) in DMF (7 ml) in
reactor under Ar atmosphere compound 15 (1 eq.; 114 mg; 97 umol), HOBt (0.5 eq.; 6.5 mg; 48.5 umol),
PyBOP (3 eq.; 152 mg; 291 umol), DIPEA (4.5 eq.; 76 pl; 436 umol) were added. The mixture was stirred
for 24 h under inert atmosphere of Ar. Then the solvent was removed by filtration on a porous reactor filter and
the resin was washed three times with DMF (5 ml), three times with DCM (5 ml), then dried from traces of
solvents.

Part of the resin was transferred to a 10 ml round-bottomed glass flask, charged with the system
of TFA/TIPS/PhSMe/H20 (90%/5%/4%/1%, 5 ml) and stirred for 3 h. Then the resulting solution was
separated on a sintered glass filter, washing the residue twice with TFA. The solvent was removed
under reduced pressure, crude product was precipitated by Etz20. Compound 25% (49% according to
LCMS) was obtained in mixture with compound 24* (37% according to LCMS) and other impurities.

Route 3

Compound 26~
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To compound 22 on Rink Amide MBHA resin (1 eq.; 57 umol) in DMF (5 ml) in reactor under Ar
atmosphere compound 18 (1 eq.; 70 mg; 57 umol), HOBt (1 eq.; 7.7 mg; 57 umol), PyBOP (3 eq.; 65 mg;
171 pumol), DIPEA (6 eq.; 59 pl; 342 umol) were added. The mixture was stirred for 24 h under inert
atmosphere of Ar. Then the solvent was removed by filtration on a porous reactor filter and the resin was washed
three times with DMF (5 ml), three times with DCM (5 ml), then dried from traces of solvents.

Part of the resin was transferred to 10 ml round-bottomed glass flask, charged with the system
of TFA/TIPS/PhSMe/H20 (90%/5%/4%/1%, 5 ml) and stirred for 3 h. Then the resulting solution was
separated on a sintered glass filter, washing the residue twice with TFA. The solvent was removed
under reduced pressure, crude product was precipitated by Et2O and purified by column
chromatography (Puriflash PF-15C18HP- F0040 (15n 60g), eluent: H>O(90%)/MeCN(10%) =>
H>0(50%)/MeCN(50%) for 40 min, after MeCN(100%) for 10 min) Compound 26* was obtained as free NH»
form (110 mg, 47% of max resin capacity, 81% of PSMA fragment)

H NMR (400 MHz, DMSO-d6, d) for free NH: form: 10.75 (s, 1H, W8(3)), 8.56 (d, ]=7.2 Hz, m)
& 8.41 (d, J=7.2 Hz, n) (1H, F5NH, m+n), 8.38-8.13 (m, 4H,
FoNHm+Q7NH+G11NH+F6NHn+F6(D)NH), 8.13-7.80 (m, 7H, Ahx3NHCm+H12NH
+W8NH+Ahx3NH{n+L14NH+A9NH+Ahx10NHUm+Ahx10NH{n+K9NH), 7.71 (d, J = 8.5 Hz, 1H,
V10NH), 7.57 (d, ] = 7.8 Hz, 1H, WS8(8)), 7.55-7.40 (m, 4H,
H12(3)+L14NHz(a)+Ahx7NHCm+Ahx7NH{n+Stal3NH), 7.40-7.07 (m, 22H, X8Hodn+
X8Hen+W8(5)+X8Hom+X8Hem+F6He+FoHO+X8HNmn+F6(D)o+F6(D)e+F5He+FOHC +F6(D)+F5HC+
W8(2)+X8Hym+ F5HO+Q7NH2(a)+X8Hyn), 7.03 (t, ] = 7.5 Hz, 1H, W8(6)), 7.00-6.89 (m, 2H,
L14NH2(b)+W8(7)), 6.83 (br.s.,, 1H, HI12(5)), 6.72 (s, 1H, Q7NH2x(b)), 6.48-6.17 (m, 2H,
K2NHmn+E1NHmn), 4.60-4.30 (m, 7H, X8an+tW8a+H12a+X8am+F6(D)a +F6a+A9a), 4.29-4.06 (m,
5H, F5amn+K9a+V10a +L14a+Q7a), 4.05-3.90 (m, 2H, E1Ha+K2Ham+K2Han), 3.86-3.64 (m, 4H,
Stal3p +Stal3a+Glla), 3.26-2.59 (m, 20H,
K2en+W8[3(a)+K2em+F63(a)+Ahx7e+W8B(b)+Ahx3em+Ahx10e+Ahx3en+
F6(D)p(a)+F6p(b)+H12p(a)+F5p(a)+H12p(b)+F6(D)p(b)+K9e+F586(b)), 2.46-1.95 (m, 15H,
Suc4Bm+Sucdam+Ahx3am+ Suc4fn +Ely+Ahx3an+Sucdan +Stal3y+Ahx7ot+Ahx10a+V10B), 1.95-
186 (m, 2H, Q7y), 1.86-1.70 (m, 3H, El1B(a)+Q7B(a)+ EI1R(b)), 1.70-1.56 (m, 4H,
L14vy+K2B(a)+Q7pB(b)+K9B(a)), 1.56-1.13 (m, 34H, K9d0+Ahx3pm+K2p(b)+K9IpB(b)+Ahx3pn+K20m
+Ahx73+L143+Stal3e+K20n+Ahx70+Ahx103+Ahx30m+Stal30d(a)+Ahx100+Ahx30n+Ahx3ymn+K9y+
K2ymn+A9p+  Stal3d(b)+tAhx7y), 1.13-1.04 (m, 2H, Ahx10y), 090075 (m, 18H,
L145(a)+V10y(a)+L145(b)+V10y(b)+Stal3((a)+Stal3l(b)).

13C NMR (101 MHz, DMSO-ds, d) for free NH: form: 175.28 (K2Cm), 175.16 (K2Cn), 174.84
(E1Cm), 174.77 (E1Cn), 174.61 (L14C), 17456 (E1Cdm), 174.45 (E1Cdn), 173.75 (Q7Cd), 173.09
(Suc4Cym), 173.04 Suc4Cyn), 172.62 (Ahx10C), 172.12 (K9Cmn+Ahx3Cm), 172.06 (A9C+Ahx3Cn),
171.96 (F6(D)C), 171.67 (SucdCm), 171.62 (SucdCn), 171.51 (Ahx7Cm), 171.47 (Ahx7Cn), 171.31 (V10C),
171.21 (W8C+Q7C), 171.07 (F5Cm), 171.01 (F5Cn), 170.68 (H12C), 170.63 (Stal3C), 170.57 (F6Cm),
170.48 (F6Cn), 168.33 (G11C), 157.27 (U), 141.16 (X8CpPm), 140.74 (X8Cpn), 138.25 (F6Cym), 138.19
(F6Cyn), 138.02 (F5Cym), 137.99 (F5Cyn), 137.64 (F6(D)Cy), 136.01 (W8C4), 134.70 (H12C3), 133.34
(X8CCn), 132.98 (X8CCm), 130.49 (X8Con), 130.12 (X8Cdm), 129.10 (F6(D)Cd), 128.93 (F6Cd), 128.91
(H12C1), 128.88 (F5Cd), 128.07 (F6Ce), 128.01 (F5Ce), 127.94 (F6(D)Ce), 127.22 (W8C9), 127.12
(X8Cnm), 127.03 (X8Cen), 126.73 (X8Cem), 126.19 (X8Cnn+F5CL), 126.16 (F6CL+F6(D)CL), 126.00
(X8Cym), 124.92 (X8Cyn), 123.52 (W8C2), 120.77 (W8C6), 118.27 (W8CS), 118.19 (W8C7+H12C5),
111.22 (W8C5), 110.05 (W8C1), 69.44 (Stal3Cp), 57.80 (V10Ca), 55.50 (F5Cam), 55.30 (F5Can), 54.50
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(F6Cam), 54.45 (F6(D)Car), 54.36 (F6Caun), 53.48 (W8Ca), 53.17 (E1Cam+H12Ca), 53.07 (E1Can), 52.90
K2Cam), 52.83 (K2Can), 52.67 (Q7Ca), 52.20 (K9Ca), 51.32 (L14Ca), 50.33 (Stal3Ca), 49.63
(X8Can), 48.27 (A9Ca), 47.13 (X8Cam), 46.97 (K2Cem), 45.26 (K2Cen), 42.05 (G11Cax), 40.78 (L14Cp),
38.57 (Ahx3Cem+Ahx7Ce), 38.49 (Ahx3Cen+K9He), 38.39 (Ahx10Ce¢), 37.32 (F6(D)Cp), 36.90 (F6Cp),
36.62 (F5CP), 35.09 (Ahx7Ca), 34.95 (Ahx10Ca), 32.46 (K2Cpm), 32.31 (K2Cpn), 32.23 (Ahx3Can),
31.77 (Ahx3Cam), 31.52 (K9Cp), 31.46 (E1Cy), 31.28 (Q7Cy), 30.72 (SucdCa), 30.53 (SucdCp), 30.45
(V10CB), 29.79 (H12Cp), 29.08 (E1CP), 28.80 (Ahx7Cd), 28.78 (Ahx10Cd), 28.58 (Ahx3Cd), 28.00
(K2Com), 2749 (Q7CpB), 27.14 (W8CB), 26.83 (K2Cdn), 26.67 (K9Cd), 26.12 (Ahx3Cy), 25.91
(Ahx7Cy+Ahx10Cy), 24.90 (Ahx7Cp), 24.75 (Ahx10CB), 24.61 (Ahx3Cpm), 24.50 (AhxCpn), 24.21
(L14Cy), 24.07 (Stal3Ce), 23.17 (Stal3C((a)), 22.99 (L14Cy(a)), 22.36 (K2Cym), 22.32 (K2Cyn), 22.30
(K9Cy), 21.95 (Stal3CL(b)), 21.52 (L14Cy(b)), 19.16 (V10Cy(a)), 17.86 (V10Cy(b)), 17.54 (A9CP).

15N NMR (41 MHz, DMSO-ds, d) for free NHz form: 131.14 (W8N3), 125.08 (L14N), 122.36
(F5Nm+F6(D)N), 122.12 (F5Nn), 121.87 (Ahx10NCmn), 120.98 (AIN), 120.23 (Stal3N), 119.45 (Q7N),
118.58 (Ahx3N(m), 118.28 (Ahx3N{n+W8N), 117.82 (H12N), 115.24 (F6Nnm), 115.02 (K9N), 114.08
(Ahx7NCn), 113.92 (Ahx7NCm), 113.19 (V10N), 108.51 (Q7Ne), 108.05 (G11N), 103.84 (L14NH>), 97.80
(K2Ne), 88.72 (K2Nm), 88.47 (K2Nn), 88.32 (E1Nm), 88.11 (EINn).

LCMS 97% in negative ion mode

ESI-MS (m/z) Ci20H1713”CIN24O2s: calc. for [M-2H*]2: 1199.62, found: 1199.12.

HRMS (m/z, ESI): calc. for C120H1713CIN24O26 - [M-2H]? 1199.6227, found: 1199.4351

Compound 27
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Compound 26~ (1 eq.; 39 mg; 15.5 umol) was dissolved in DMSO (4 ml) (CGC 20-25 mg/ml,
complete dissolution was performed under ultrasound bath action for 10 min at 40°C) and purged
with Ar. DIPEA (5 eq.; 10 mg; 77.5 umol), DOTA-NHS ester (1 eq.; 12 mg; 15.5 umol) were
sequentially added. The mixture was stirred for 12 h, afterwards the solvent was removed under reduced
pressure. Crude product was purified by column chromatography (PF-15C18HP-F0012 (15u 20g), eluent:
H>0(90%)/MeCN(10%) => H20(50%)/MeCN(50%) for 30 min, after MeCN(100%) for 10 min). Compound
27 was obtained as a white powder (30 mg, 69% yield, 88% purity according to LCMS) in a mixture (m = 34.2
mg) with the initial HBV ligand 26* (10% according to LCMS).

'H NMR (400 MHz, DMSO-d6, o): 1080 (s, 1H, WB8(3)), 8.58-7.78 (m, 13H,
F5NHmn+F6oNHm+Q7NH+G11NH+F6NHn+
F6(D)NH+Ahx3NHUm+H12NH+KINHe+WS8NH+Ahx3NH{n+L14NH+AINH+Ahx10NH{m+Ahx10
NHCn+KONH), 771 (d, J = 85 Hz, 1H, VIONH), 765741 (m, 5H,
W8(8)+H12(3)+L14NH2(a)+Ahx7NHCm+Ahx7NHCn+Stal3NH), 7.40-7.07 (m, 22H,
X80n+X8en+W8(5)+X8dm+X8em+F6e+F60+X8nmn+F6(D)d+F6(D)e+F5e+F6 +F6(D) +F5C+W8(2)+X8y
m+F50+ Q7NHz(a)+X8yn), 7.07-6.90 (m, 3H, W8(6)+L14NH:(b)+W8(7)), 6.86 (br.s., 1H, H12(5)), 6.77 (s,
1H,  Q7NHx(b)), 6.48-6.17 (m, 2H, K2NHmn+EINHmn),  4.60-430 (m, 7H,

X8an+W8a+H12a+X8am+F6(D)a+F6a+A9a), 4.29-3.96 (m, 7H,
F5amn+K9a+V10a+L14a+Q7a+Ela+K2am+K2an), 3.86-3.64 (m, 4H, Stal3p +Stal3a+Glla), 3.60-2.40
(br.m, 44H,

2+19+15+23+Hcyclic+tK2en+W8[(a)+K2em+F6B(a)+Hcyclict Ahx7e+W8[3(b)+Ahx3em+Ahx10e+Ahx3e
n+F6(D)B(a)+K9e+  F6B(b)+H12p(a)+F53(a)+H12B(b)+F6(D)B(b)+F53(b)), 2.40-1.95 (m, 15H,
Suc4Bm+Sucdam+Ahx3am+SucdPn+Ely+ Ahx3an+Sucdan+Stal3y+Ahx7a+Ahx10a+V10p3), 1.95-1.83
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(m, 3H, Q7y+Elp(a)), 1.86-1.69 (m, 2H, Q7B(a)+E1p(b)), 1.69-1.55 (m, 4H,
L14y+K2B(a)+Q7pB(b)+K9B(a)), 1.55-1.13 (m, 34H,
K90+Ahx3pm+K2[(b)+K9p(b)+Ahx3pn+K20m+Ahx7p+
L14B+Stal3e+K20n+Ahx70+Ahx10B3+Ahx30m+Stal30(a)+Ahx100+Ahx3dn+Ahx3ymn+K9y+K2ymn+
A9B+Stal3d(b)+  Ahx7y), 1.11-1.01 (m, 2H, Ahx10y), 090-0.75 (m, 18H,
L145(a)+V10y(a)+L14d(b)+V10y(b)+Stal3l(a)+Stal3(b)).

13C NMR (101 MHz, DMSO-ds, d): 174.70 (L14C), 174.54 (K2Cn), 174.52 (K2Cm), 174.22 (E1C),
173.81 (E1Cd+Q7C9), 172.72 (SucdCynm+Ahx10C), 172.15 (Ahx3Cnm+A9C), 172.06 (F6(D)C), 171.79
(K9C), 171.56 (Suc4Cnm+Ahx7C), 171.36 (V10C), 171.30 (W8C), 171.28 (Q7C), 171.03 (F5C), 170.70
(Sta13C), 170.64 (H12C), 170.48 (F6C), 170.13 (DOTA), 169.72 (DOTA), 168.39 (G11C), 157.28 (U),
141.21 (X8Cpm), 140.80 (X8Cpn), 138.12 (F6Cy), 138.01 (F5Cy), 137.67 (F6(D)Cy), 136.05 (W8C4),
134.68 (H12C3), 133.39 (X8Cln), 133.04 (X8Clm), 130.59 (X8Cdn), 130.22 (X8Cdm), 129.17 (F6(D)Cd),
129.02 (F6Cd+H12C1+F5Cd), 128.13 (F6Ce), 128.05 (F5Ce), 128.02 (F6(D)Ce), 127.25 (W8C9), 127.18
(X8Cnm), 127.12 (X8Cen), 126.82 (X8Cem), 126.28 (X8Cnn+F5CC), 126.25 (F6CL+F6(D)CL), 126.06
(X8Cym), 124.95 (X8Cyn), 123.58 (W8C2), 120.85 (W8C6), 118.33 (W8CS), 118.26 (W8C7+H12C5),
111.30 (W8C5), 110.11 (W8C1), 69.42 (Sta13Cp), 58.25 (DOTA2), 57.79 (V10Ca), 55.28 (DOTA19), 54.95
(F5Ca), 54.90 (DOTA15+23), 54.54 (F6(D)Ca), 54.32 (F6C), 53.50 (W8Ca), 53.06 (H12Ca), 52.70
(Q7Ca), 52.61 (K9Ca), 52.30 (K2Can), 52.20 (K2Cam), 51.76 (E1Ca), 51.32 (L14Cax), 50.97 (DOT Acycl.),
50.37 (Stal3Ca), 50.28 (DOTAcycl.), 49.86 (DOTAcycl.), 49.75 (DOTAcycl.), 49.65 (X8Can), 48.30
(A9Ca), 47.17 (X8Caum), 46.88 (K2Cem), 45.32 (K2Cen), 42.06 (G11Ca), 40.81 (L14Cp3), 39.87 (Stal3Cy),
39.62 (S5tal3Cd), 38.64 (Ahx3Cem), 38.61(Ahx7Ce+Ahx3Cen), 38.40 (Ahx10Ce¢), 38.27 (K9Ce), 37.38
(F6(D)Cp), 37.19 (F6Cp), 36.83 (F5Cp), 35.08 (Ahx7Ca), 34.99 (Ahx10Ca), 32.29 (Ahx3Can), 31.87
(Ahx3Cam), 31.83 (K2CB+K9Cp), 31.33 (Q7Cy), 30.67 (SucdCa), 30.55 (Suc4Cp3), 30.50 (V10Cp), 30.03
(E1Cy), 29.60 (H12Cp), 29.05 (Ahx3Cdm), 28.95 (Ahx3Cdn), 28.82 (Ahx7Cd), 28.68 (Ahx10Cd), 28.55
(K9Cp), 27.81 (K2Codm), 27.66 (E1CB), 27.54 (Q7Cp), 27.18 (W8CP), 26.75 (K2Cdn), 26.27 (Ahx3Cym),
26.21 (Ahx3Cyn), 26.05 (Ahx7Cy), 25.96 (Ahx10Cy), 25.01 (Ahx7Cp), 24.81 (Ahx10Cf), 24.72
(Ahx3Cpm), 24.58 (AhxCpn), 24.25 (L14Cy), 24.12 (Stal3Ce), 23.26 (Stal3CC(a)), 23.07 (L14Cy(a)),
22.83 (K9Cy), 22.50 (K2Cvyn), 22.34 (K2Cym), 22.00 (Stal3CL(b)), 21.56 (L14Cy(b)), 19.23 (V10Cy(a)),
17.92 (V10Cy(b)), 17.60 (A9CpB).

LCMS 88% in positive ion mode, main impurity (compound 26*) - 10% in positive ion mode.

ESI-MS (m/z) CissH1977CIN2sOss: calc. for [M+3H*]3+: 930.15, found: 930.15.

Route 4a

Compound 28

To a solution of compound 13 (1 eq.; 217 mg; 0.15 mmol) in DMF (10 ml) DIPEA (3.5 eq.; 92 pl;
0.525 mmol), HOBt (0.5 eq.; 10 mg; 0.075 mmol) and HBTU (1.1 eq.; 62.6 mg; 0.165 mmol) were added.
The mixture was stirred for 10 min under inert atmosphere of Ar. Then a solution of TFA*NH:-(CHz)s-
NHFmoc (1.05 eq.; 64.6 mg; 0.158 mmol) in DMF was added and the mixture was stirred for 12 h.
Afterwards, the solvent was removed under reduced pressure and the residue was re-evaporated twice with a
mixture of MeOH/H,0O (50/50) to completely remove the DMF residue (in some other solvents, the substance
forms organogels). The resulting amorphous mass was grinded using a spatula to obtain a fine powder,
which was washed with H20 (3*3 ml). The resulting precipitate was dried under reduced pressure
and washed with P.E. (3*3 ml). Then, the residual solvent was removed from the precipitate under
reduced pressure. Compound 28 was obtained as a pale yellow powder (258 mg, quant.).

H NMR (400 MHz, DMSO-d6, 8): 8.26-8.06 (m, 4H, GIONH+F5SNHmn+F6NH+G7NH), 7.97 (d,
J=8.0 Hz, 1H, K9NH), 7.92-7.79 (m, 3H, Ahx3NH_mn+Fmocn), 7.74-7.63 (m, 3H, X11NH+Fmocd), 7.45-
7.09 (m, 20H, Fmoc(+X8dn+X8en+
Fmoce+X8dm+X8em+F6e+F6d+X11NHO+X8Nmn+F5e+F6C+F5C+KINHI+F50+X8ymmn), 6.35-6.21 (m,
2H, K2NHm+ K2NH#n+ EINHm+E1NH#n), 5.95-5.81 (m, 1H, Allocf3), 5.30-5.20 (m, 1H, Allocy(a)), 5.18-
5.10 (m, 1H, Allocy(b)), 4.60-4.35 (m, 6H, X8anm+Féa+Alloca+F5Ha), 4.28 (d, ] = 6.9 Hz, 1H, Fmoca),
4.24-4.15 (m, 2H, Fmoc3+K9a), 4.08-3.90 (m, 2H, Ela+K2am+K2an), 3.81-3.60 (m, 4H, G7a+G9%), 3.21
(t J=73 Hz, n) & 317 (t J=73 Hz, m) (H, K2¢ m/n=3/2), 3.12-2.82 (m, 11H,
F6p(a)+X11y+F63(b)+X11a+Ahx3e+K9e+F503(a)), 2.71-2.60 (m, 1H, F5p(b)), 2.40-2.10 (m, 8H,
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Ahx3am+Suc4pmn+ Ely+Sucdamn+Ahx3an), 1.92-1.80 (m, 1H, E1p(a)), 1.72-1.10 (m, 21H,
E1pB(b)+K9p(a)+K2p(a)+X11B3+Ahx3p+K9B(b)+ K2B(b)+ K9d+Ahx3d+K20+K2y+K9y+Ahx3y, m+n),
1.40-1.35 (m, 27H, tBu).

Compound 29
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Compound 28 (1 eq.; 120 mg; 69.58 umol) dissolved in DMF (3 ml), then the system was
vacuumate and filled with Ar. Next, PhSiHs (6 eq.; 52 ul; 418 pmol) was added. After 2 min of stirring
Pd[P(Ph)s]+ (0.1 eq.; 8 mg; 7 pumol) in DCM (2 ml) was added using a syringe and the mixture was
stirred 90 min under inert atmosphere. Afterwards, the solvent was removed under reduced pressure and
the residue was re-evaporated twice with DCM (3 ml) to completely remove the DMF traces. The resulting
amorphous mass was grinded using a spatula to obtain a fine powder, which was washed with Et20
(3*2 ml). Then, the residual solvent was removed from the precipitate under reduced pressure. As a
result, complete removal of Fmoc protecting group occurred (according to NMR data). Obtained
compound 29 was KINH20&X11NH:20 with two free NHz group.

Route 4b

Compound 30

Aminohexanoic acid (1 eq.; 2836 mg; 21.6 mmol) was dissolved in a mixture of dioxane/satur.
NaHCOsgq) (37.5/75 ml), then a solution of Boc2O (1.5 eq.; 7500 ul; 32.4 mmol) in dioxane (37.5 ml)
was added dropwise. The reaction mixture was stirred overnight. Afterwards, dioxane was removed
under reduced pressure, EtOAc (100 ml) was added to the residue and the resulting mixture was
acidified to pH = 3 with 0.5 M HCl (dropwise addition). Then the organic layer was separated and
aqueous phase was washed with EtOAc (3*100 ml). The combined organic layers were washed with
H20 (100 ml) and brine (100 ml). Then the organic layer was dried over Na,SOj4. Afterwards, the solvent was
removed under reduced pressure. The residue was purified by column chromatography (Puriflash, STHP-
F0120+SIHP-F0120 (50p 116g+50u 116g), eluent: DCM(100%)/MeOH(0%) => DCM(90%)/MeOH(10%)
for 40 min, after MeOH(100%) for 10 min). Compound 30 was obtained as colorless oil (4630 mg, 93%
yield).

H NMR (400 MHz, DMSO-d6, d): 11.97 (s, 1H, COOH), 6.76 (t, ] = 5.3 Hz, 1H, Ahx11NHC), 2.88
(td, J=7.0, 5.3 Hz 2H, Ahx11e¢), 2,18 (t, ] = 7.4 Hz, 2H, Ahx11a), 1.52-1.41 (m, 2H, Ahx113), 1.40-1.30
(m, 11H, Ahx11d+tBu), 1.27-1.18 (m, 2H, Ahx11vy).

Compound 31

To a solution of compound 30 (1 eq., 1876 mg, 8.1 mmol) in DCM (10 ml) DIPEA (1.2 eq., 1690
pl, 9.4 mmol) was added. Then the mixture was cooled to 0°C and a solution of FmocCl (1.05 eq., 2204
mg, 8.5 mmol) in DCM (25 ml) was added dropwise. The mixture was stirred for 5 min, then DMAP
(0.2 eq., 198 mg, 1.6 mmol) was added and the mixture was stirred overnight at room temreture. After
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completion of the reaction, the mixture was diluted with DCM (65 ml) and washed with: 1) 0.05 M
HCI (100 ml); 2) NaHCOs3(g) (1% m/V, 100ml); 3) H20 (100ml); 4) brine (100ml). Then the organic layer
was dried over Na;SOs. Afterwards, the solvent was removed under reduced pressure. The residue was
purified by column chromatography (Puriflash SI-HP-F0120 (50u 116g), eluent: EtOAc(5%)/P.E(95%)
=> EtOAc(50%)/P.E(50%) for 40 min, after EtOAc(100%) for 10 min, then MeOH(100%) for 10 min).
Compound 31 was obtained as white solid (1994 mg, 60% yield).

H NMR (400 MHz, DMSO-d6, 8): 7.89 (d, ] = 7.4 Hz, 2H, Fmn), 7.65 (d, ] = 7.4 Hz, 2H, Fmbd),
7.41 (t,]=7.4Hz, 2H, Fm{), 7.33 (td, ] = 7.4, 1.1 Hz, 2H, Fme), 6.77 (t, ] = 5.3 Hz, 1H, Ahx11NHC(), 4.42
(d, J=6.4Hz, 2H, Fma), 4.25 (t, | = 6.4 Hz, 1H, Fmf3), 2.90-2.80 (m, 2H, Ahx11¢), 2.26 (t, ] =7.3 Hz, 2H,
Ahx11a), 1.45-1.34 (m, 11H, Ahx115+tBu), 1.32-1.25 (m, 2H, Ahx11p), 1.17-1.06 (m, 2H, Ahx11y).

Compound 32

Compound 31 (1 eq., 1573 mg, 3.8 mmol) was dissolved in system of TFA/DCM (10%/90%, 20
ml) and the mixture was stirred for 2 h. After completion of the reaction, the solvent was removed under
reduced pressure and the residue was re-evaporated twice with DCM (3ml) to completely remove the TFA
excess. The resulting crude product was used without further purification. Compound 32 was
obtained as *1TFA form as white solid (1561mg, 96% yield).

H NMR (400 MHz, DMSO-d6, d) for *1TFA form:7.90 (d, ] = 7.4 Hz, 2H, Fmn), 7.71 (br.s., 3H,
Ahx11NHsC), 7.65 (d, ] =7.4 Hz, 2H, Fmd), 7.42 (t, ] = 7.4 Hz, 2H, FmC(), 7.34 (t, ] = 7.4, 2H, Fme), 4.44
(d, J=6.4 Hz, 2H, Fma), 4.26 (t, ] = 6.4 Hz, 1H, Fm), 2.77-2.66 (m, 2H, Ahxl11e), 2.28 (t, ] =7.3 Hz, 2H,
Ahx11a), 1.51 - 1.35 (m, 4H, Ahx11p+ Ahx11d), 1.27 - 1.13 (m, 2H, Ahx11y).

Compound 33

To a solution of compound 13 (1 eq.; 100 mg; 69.15 umol) in DMF (5 ml) DIPEA (3.5 eq.; 42 pl;
242 pmol), HOBt (0.5 eq.; 4.6 mg; 34.5 umol) and HBTU (1.1 eq.; 29 mg; 76.07 pumol) were added. The
mixture was stirred for 10 min under inert atmosphere of Ar. Then compound 32 (1.05 eq.; 30.7 mg;
72.47 umol) was added in DMF and the reaction mixture was stirred for 12 h under Ar atmosphere.
After completion of the reaction, the solvent was removed under reduced pressure and the residue was re-
evaporated twice with DCM (3 ml) to completely remove the DMF traces. The resulting amorphous mass
was grinded using a spatula to obtain a fine powder, which was washed with H20 (3*3 ml). The
resulting precipitate was dried under reduced pressure and washed with P.E. (3*3 ml). Then, the
residual solvent was removed from the precipitate under reduced pressure. Compound 33 was
obtained as pale-yellow solid (119 mg, quant.).

H NMR (400 MHz, DMSO-d6, 8): 8.23-8.05 (m, 4H, GIONH+F5NHmn+F6NH+G7NH), 7.97 (d,
J=8.0 Hz, 1H, K9NH), 7.89 (d, ]=7.5 Hz, 2H, Fmn), 7.84 (t, ]=5.4 Hz, m) & 7.81 (t, ]=5.4 Hz, n) (1H,
Ahx3NHC,  m+n), 7.70-759 (m, 3H, Ahx1INHC+Fmo), 7.45-7.09 (m, 19H,
Fm{+X80n+X8en+Fme+X8dm+X8em+F6e+F60+X8nmn+F5e+F6C+F5C+ KOINHC+F50+X8ymn), 6.34-6.21
(m, 2H, K2NHm+ K2NHn+E1INHm+E1NH#n), 5.95-5.81 (m, 1H, Allocf), 5.30-5.20 (m, 1H, Allocy(a)),
5.18-5.10 (m, 1H, Allocy(b)), 4.60-4.34 (m, 8H, X8anm+Foa+Alloca+tFma+F5Ha), 4.25 (t, | = 6.5 Hz,
1H, Fmp), 4.22-4.14 (m, 1H, K9«), 4.08-3.88 (m, 2H, Ela+K2am+K2an), 3.80-3.57 (m, 4H, G7a+G9a),
321 (t, =73 Hz, n) & 3.17 (t, ]J=7.3 Hz, m) (2H, K2e¢ m/n=3/2), 3.12-2.82 (m, 11H,
F6p(a)+F6B(b)+Ahx11e+Ahx3e+K9e+F5p(a)), 2.71-2.60 (m, 1H, F5p(b)), 2.40-2.10 (m, 10H,
Ahx3am+Suc4Bmn+Ahx11a+Ely+Sucdamn+Ahx3an), 1.92-1.80 (m, 1H, E1p(a)), 1.72-1.05 (m, 25H,
E1B(b)+K9p(a)+K2[(a)+Ahx3B3+KIB(b)+K2p(b)+K9d+Ahx11+Ahx30+K20+Ahx116+K2y+K9vy+Ahx3
v+Ahx11y, m+n), 1.40-1.35 (m, 27H, tBu).

Compound 34

Compound 33 (1 eq.; 119 mg; 69.15 pumol) was dissolved in DMF (3 ml), then the system was
vacuumate and filled with Ar. Next PhSiHs (6 eq.; 51 pl; 415 pmol) was added. After 2 min of stirring
Pd[P(Ph)s]s+ (0.1 eq.; 8 mg; 7 pmol) in DCM (2 ml) was added using a syringe and the mixture was
stirred 90 min under inert atmosphere. Afterwards, 1% TFA solution in DCM (3 ml) was added to
the reaction mixture to inactivate free NH2 group. Afterwards, the solvent was removed under reduced
pressure and the residue was re-evaporated twice with DCM (3 ml) to completely remove the DMF traces. The
resulting amorphous mass was grinded using a spatula to obtain a fine powder, which was washed
with Et2O (3*2 ml). Then, residual solvent was removed from the precipitate under reduced pressure. As a
result, partial removal of OFm occurred (according to NMR data). The residue was purified by column
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chromatography  (Puriflash ~ SIHP-F0020  (50p  20g), eluent: DCM(100%)/MeOH(0%) =>
DCM(98%)/MeOH(2%) for 10 min, after DCM(0.1%TFA)(98%)/MeOH(2%) =>

DCM(0.1%TFA)(90%)/MeOH(10%) for 30 min, then MeOH(100%) for 10 min). Compound 34 was obatined
as *1TFA form as pale-yellow amorphous product (85 mg, 70% yield).

1H NMR (400 MHz, DMSO-d6, 9): 8.23-8.05 (m, 4H, GIONH+F5NHmn+F6NH+G7NH), 7.99 (d,
J]=8.0 Hz, 1H, K9NH), 791-781 (m, 3H, FmntAhx3NHC(mn), 7.75-7.60 (m, 6H,
Ahx11NHC+KONHs5*C+Fmb), 7.45-7.09 (m, 18H,
Fm{+X80n+X8en+Fme+X8dm+X8em+F6e+F60+X8nmn+F5e+F6(+F5C+F50+X8ymn), 6.34-6.21 (m, 2H,
K2NHm+ K2NHn+EINHm+E1NH#n), 4.58-4.34 (m, 6H, X8anm+Féa+Fma+F5Ha), 4.30-4.17 (m, 2H,
Fmp+K9ax), 4.08-3.88 (m, 2H, Ela+K2am+K2an), 3.80-3.57 (m, 4H, G7a+G9a), 3.21 (t, ]=7.3 Hz, n) &
3.17 (t, J=7.3 Hz, m) (2H, K2¢, m/n=3/2), 3.12-2.80 (m, 11H, F6p(a)+F6((b)+Ahx11e+Ahx3e+F53(a)),
2.80-2.70 (m, 2H, K9¢), 271260 (m, 1H, F5pB(b)), 2.40-210 (m, 10H,
Ahx3am+Suc4Bmn+Ahx11a+E1y+Sucdamn+Ahx3an), 1.92-1.80 (m, 1H, E1p(a)), 1.72-1.05 (m, 25H,
E1B(b)+K9B(a)+K23(a)
+Ahx33+K9pB(b)+K2p(b)+K90+Ahx11+Ahx30+K20+Ahx110+K2y+K9v+Ahx3y+Ahx1ly, m+n), 1.40-
1.35 (m, 27H, tBu).

Compound 35
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To a solution of DOTA(tBu)s-COOH (1.55 eq.; 43 mg; 75.25 pmol) in DMF (5 ml) DIPEA (7 eq.;
59 ul; 338.6 pmol), HOBt (0.75 eq.; 4.9 mg; 36.3 umol), HBTU (1.75 eq.; 32 mg; 84.7 pumol) were added.
After 5 min of stirring compound 34 (1 eq.; 85 mg; 48.4 umol) was added under inert atmosphere of
Ar, and then was stirred for 12 h. Afterwards, the solvent was removed under reduced pressure and the
residue was re-evaporated twice with DCM (3 ml) to completely remove the DMF traces. The resulting
amorphous mass was grinded using a spatula to obtain a fine powder, which was washed with H20
(3*2 ml). Then, residual solvent was removed from the precipitate under reduced pressure. The residue was


https://doi.org/10.20944/preprints202405.0810.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 May 2024 doi:10.20944/preprints202405.0810.v1

38

purified by column chromatography (Puriflash SIHP-F0020 (50p 20g), eluent: DCM(100%)/MeOH(0%) =>
DCM(98%)/MeOH(2%) for 10 min, after DCM(0.1%TFA)(98%)/MeOH(2%) =>
DCM(0.1%TFA)(80%)/MeOH(20%) for 30 min, then MeOH(100%) for 10 min). As a result, the main
product of the reaction was the product of the addition of the TFA residue to the amino group
K9NH:2(, the target compound was isolated in trace amounts.

Route 4c

Compound 28

To a solution of compound 13 (1 eq.; 217 mg; 0.15 mmol) in DMF (10 ml) DIPEA (3.5 eq.; 92 ul;
0.525 mmol), HOBt (0.5 eq.; 10 mg; 0.075 mmol) and HBTU (1.1 eq.; 62.6 mg; 0.165 mmol) were added.
The mixture was stirred for 10 min under inert atmosphere. Then TFA*NH2-(CHz)s>-NHFmoc (1.05
eq.; 64.6 mg; 0.158 mmol) in DMF was added and the mixture was stirred for 12 h. Afterwards, the
solvent was removed under reduced pressure and the residue was re-evaporated twice with a mixture of
MeOH/H,0O (50/50) to completely remove the DMF residue (in some other solvents the substance forms
organogels). The resulting amorphous mass was grinded using a spatula to obtain a fine powder,
which was washed with H20 (3*3 ml). The resulting precipitate was dried under reduced pressure
and washed with P.E. (3*3 ml). Then, the residual solvent was removed from the precipitate under
reduced pressure. Compound 28 was obtained as pale-yellow solid (258 mg, quant.).

H NMR (400 MHz, DMSO-d6, 8): 8.26-8.06 (m, 4H, GIONH+F5NHmn+F6NH+G7NH), 7.97 (d,
J=8.0 Hz, 1H, K9NH), 7.92-7.79 (m, 3H, Ahx3NH_mn+Fmocn), 7.74-7.63 (m, 3H, X11NH+Fmocd), 7.45-
7.09 (m, 20H, Fmoc(+X8dn+X8en+
Fmoce+X80m+X8em+F6e+F60+X11NHO+X8nmn+F5e+F6+F5C+KONHC+F50+X8ymn), 6.35-6.21 (m,
2H, K2NHm+ K2NH#n+ EINHm+E1NH#n), 5.95-5.81 (m, 1H, Allocf), 5.30-5.20 (m, 1H, Allocy(a)), 5.18-
5.10 (m, 1H, Allocy(b)), 4.60-4.35 (m, 6H, X8anm+F6a+Alloca+F5Ha), 4.28 (d, ] = 6.9 Hz, 1H, Fmoca),
4.24-4.15 (m, 2H, Fmocf3+K9a), 4.08-3.90 (m, 2H, Ela+K2am+K2an), 3.81-3.60 (m, 4H, G7a+G9%), 3.21
(t J73 Hz, n) & 317 (t J=7.3 Hz, m) (2H, K2e¢ m/n=3/2), 3.12-2.82 (m, 11H,
F6p(a)+X11y+F6B(b)+X11a+Ahx3e+K9e+F503(a)), 2.71-2.60 (m, 1H, F5p(b)), 2.40-2.10 (m, 8H,
Ahx3am+Suc4Bmn+ Ely+Sucdamn+Ahx3an), 1.92-1.80 (m, 1H, E1p(a)), 1.72-1.10 (m, 21H,
E1B(b)+K9p(a)+K2p(a)+X113+Ahx3B3+KIB(b)+ K2B(b)+ K9d+Ahx30+K20+K2y+K9y+Ahx3y, m+n),
1.40-1.35 (m, 27H, tBu).

Compound 36

Compound 28 (1 eq.; 258 mg; 0.15 mmol) was dissolved in a system of Et2NH/DMF (25 eq.
Et:NH, 7.5 ml DMF) and the mixture was stirred for 20 min under inert atmosphere of Ar. Afterwards
the solvent was removed under reduced pressure and the residue was re-evaporated twice with 0.5% TFA
solution in DCM (5 ml) to inactivate free NH: group. The product was precipitated by EtzO and
washed with: 1) Etz0 (2*2 ml), 2) P.E. (2*2 ml). Compound 37 was obtained as 1*TFA form as pale-
yellow solid (242 mg, quant.).

To obtain free NH: form the precipitate was dissolved in a mixture of H2O/MeCN (50/50, 8 ml)
and charged with a saturated solution of NaHCOs (2 ml), then the solvent was removed under
reduced pressure to obtain a powder, which was grinded using a spatula and washed with H2O (3*3
ml). Then, the residual solvent was removed from the precipitate under reduced pressure.
Compound 36 was obtained as pale-yellow solid (224 mg, quant.).

H NMR (400 MHz, DMSO-d6, d) for *1TFA form: 8.28 (t, ]J=6 Hz, 1H, G10NH), 8.23-8.14 (m,
2H, F5SNHmn+F6NH), 8.08 (t, ]=5.9 Hz, 1H, G7NH), 8.01 (d, J=7.1 Hz, 1H, K9NH), 7.90-7.77 (m, 2H,
Ahx3NHCmn+X11NH), 7.63 (br.s., 3H, X11NHs*0), 7.42-7.09 (m, 15H,
X80n+X8en+X80m+X8em+F6e+F60+X8nmn+F5e+F6+F5CHKONHC+EF50+X8ymn), 6.35-6.21 (m, 2H,
K2NHm+K2NHn+ EINHm+E1NHn#), 5.95-5.81 (m, 1H, Allocf3), 5.30-5.20 (m, 1H, Allocy(a)), 5.18-5.10
(m, 1H, Allocy(b)), 4.60-4.33 (m, 6H, X8anm+F6o+Alloca+F5Ha), 4.18-4.10 (m, 1H, K9a), 4.08-3.90 (m,
2H, ElatK2am+K2an),  3.81-358 (m, 4H, G7a+G9%a), 3.25-281 (m, 11H,
K2enm+X11vy+F6(a)+F6B(b)+Ahx3e+K9e+F503(a)), 2.80-2.72 (m, 2H, X11a), 2.70-2.60 (m, 1H, F53(b)),
2.40-2.10 (m, 8H, Ahx3am+Suc4pmn+Ely+Sucdamn+Ahx3an), 1.92-1.80 (m, 1H, E1f3(a)), 1.72-1.10 (m,
21H, X11B+E1B(b)+K9p(a)+K2p(a)+Ahx3p+KIB(b)+K2B(b)+K90+Ahx30+K20+K2y+K9y+Ahx3y,
m+n), 1.40-1.35 (m, 27H, tBu).
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1H NMR @400 MHz, DMSO-d6, o) for free NH: form: 8.28-8.04 (m, 4H,
G10NH+F5NHmn+F6NH+G7NH), 8.04-7.95 (m, 1H, K9NH), 7.88-7.78 (m, 1H, Ahx3NHCmn), 7.72-
7.60 (m, 1H, X11NH), 7.42-7.09 (m, 15H, X80n+X8en+X8dm+X8em+F6e
+F60+X8nmn+F5e+F6+F5C+KINHC+F50+X8ymn),  6.35-6.21 (m, 2H, K2NHm+K2NHn+
E1NHm+E1NHn#n), 5.95-5.81 (m, 1H, Allocp), 5.30-5.20 (m, 1H, Allocy(a)), 5.18-5.10 (m, 1H, Allocy(b)),
4.60-4.33 (m, 6H, X8anm+F6a+Alloca+F5Ha), 4.20-4.10 (m, 1H, K9«a), 4.08-3.90 (m, 2H,
Elo+K2am+K2an), 3.81-3.58 (m, 4H, G7a+G9x), 3.25-281 (m, 11H, K2enm+F6p(a)
+X11a+F6B(b)+Ahx3e+K9e+F503(a)), 2.70-2.60 (m, 1H, F5p(b)), 2.52-2.45 (m, 2H, X11vy), 2.40-2.10 (m,
8H, Ahx3am+Suc4pmn +Ely+Sucdamn+Ahx3an), 1.92-1.80 (m, 1H, E1p(a)), 1.72-1.10 (m, 21H,
E1B(b)+K9p(a)+K2B(a)+Ahx3p3+K9B(b)+X113  +K2p(b)+K90+Ahx30+K20+K2y+K9y+Ahx3y, m+n),
1.40-1.35 (m, 27H, tBu).

Compound 37

To a solution of DOTA(tBu)>-COOH (1 eq.; 86 mg; 150 pumol) in DMF (5 ml) DIPEA (4 eq.; 105
ul; 600 pmol), HOBt (0.5 eq.; 10 mg; 75 umol), HBTU (1.5 eq.; 85 mg; 225 umol) were added, and the
reaction mixture was stirred for 10 min under inert atmosphere. Then compound 36 (1 eq.; 224 mg;
150 pmol) was added and the mixture was stirred for 12 h. Next, the solvent was removed under
reduced pressure, the residue was dissolved in DCM (30 ml) and washed with: 1) H20 (1*30 ml), 2)
NaHCO:s (2*30 ml). 2) brine (1*30 ml). Then the organic layer was dried over Na,SOa. Afterwards, the solvent
was removed under reduced pressure. The residue was purified by column chromatography (Puriflash (STHP-
F0012 50 20g); eluent: DCM(100%)/MeOH(0%) => DCM(90%)/MeOH(10%) for 30 min, after MeOH
(100%) in 10 min). Compound 37 was obtained as a pale-yellow solid (292 mg, 95% yield).

1H NMR (400 MHz, DMSO-d6, d): 8.24-8.13 (m, 3H, FSNHmn+G10NH+F6NH), 8.12-8.02 (m,
2H, GZTNH+X11NHDb), 7.95 (d, J=7.1 Hz, 1H, K9NH), 7.86 (t, ]=5.4 Hz, m) & 7.83 (t, ]=5.4 Hz, n) (1H,
Ahx3NHC, m+i), 7.70 (t, J=5.5 Hz, X11NH), 7.42-7.08 (m, 15H,
X80n+X8en+X80m+X8em+F6e+F60+X8nmn+F5e+F6C+F5C+KONHC+F50+X8ymn), 6.35-6.21 (m, 2H,
K2NHm+ K2NHn+E1NHm+E1NHn), 5.95-5.81 (m, 1H, Allocf3), 5.30-5.20 (m, 1H, Allocy(a)), 5.18-5.10
(m, 1H, Allocy(b)), 4.60-4.33 (m, 6H, X8anm+F6o+Alloca+F5Ha), 4.23-4.13 (m, 1H, K9a), 4.08-3.90 (m,
2H, Ela+K2am+K2an), 3.81-3.58 (m, 4H, G7a+G9a), 3.80-1.60 (br.m., 24H, DOTA), 3.25-2.81 (m, 13H,
K2enm+F6B(a)+X11y+X11a+F6B(b)+Ahx3e+K9e +F53(a)), 2.70-2.60 (m, 1H, F53(b)), 2.40-2.10 (m, 8H,
Ahx3am+Suc4Bmn+Ely+Sucdamn+Ahx3an), 1.92-1.80 (m, 1H, E1f(a)), 1.72-1.10 (m, 21H,
E1B(b)+K9B(a)+K2B(a)+Ahx3p3+X113+K9B(b)+K2B(b)+K9d+Ahx30+K20+K2y+K9y+ Ahx3y, m+n), 1.43
(s, 9H, 22), 1.40 (s, 18H, 18+26), 1.40-1.35 (m, 27H, tBu).

BC NMR (101 MHz, DMSO-d6, ©o): 172,57 (1), 17220 (K2C(nm)+16+24), 172.12
(Suc4Cy(nm)+Ahx3C(nm)), 171.92 (E1C), 171.82 (K9C), 171.47 (Sucd4C(mn)), 171.45 (E1Cd), 171.37
(20+F6C), 171.32 (F5C), 168.93 (G9C), 168.55 (G7C), 157.13 (U), 155. 91 (AllocC), 141.17 (X8CpB(m)),
140.82 (X8Cp(n)), 137.99 (F6Cy), 137.92 (F5Cy), 133.88 (AlloCp3), 133.42 (X8CL(n)), 133.08 (X8CL(m)),
130.61 (X8Cd(n)), 130.25 (X8Cd(m)), 129.15 (F6Cd), 129.08 (F5Cd), 128.12 (F6Ce), 128.03 (F5C¢), 127.20
(X8Cn(m)), 127.15 (X8Ce(n)), 126.86 (X8Ce(m)), 126.30 (X8Cn(n)+F6CC), 126.20 (F5CC), 126.06
(X8Cy(m)), 124.97 (X8Cy(n)), 116.87 (AllocCy), 81.10 (21), 80.98 (17+25), 80.58 (E1tBu), 80.41
(K2tBu(m)), 80.32 (K2tBu(n)), 79.77 (E16tBu), 64.14 (AllocCat), 55.84 (2), 55.35 (15+23), 55.24 (19), 54.34
(F5Ca+F6Car), 52.99 (K2Ca(n)), 52.93 (K9Car), 52.85 (K2Ca(m)), 52.17 (E1Ca), 49.59 (X8Ca(n)), 47.09
(X8Ca(m)), 46.79 (K2Cg(m)), 45.22 (K2Cg(n)), 43.03 (G7Ca), 42.05 (G9Cx), 40.27 (K9Ck), 39.50 (series
of br. peaks, DOTAcyclic), 38.58 (Ahx3Ce(m)), 38.51 (Ahx3Ce(n)), 36.96 (F6CB+F5Cf), 36.38 (X11Cy
+X11Ca), 32.32 (Ahx3Ca(n)), 31.94 (Ahx3Ca(m)), 31.81 (K2Cp), 31.41 (K9Cp), 30.90 (E1Cy), 30.77
(Suc4Car), 30.64 (SucdCp), 29.19 (Ahx3Cod(m)+K9Cd), 29.09 (Ahx3Cd(n)), 29.04 (X11Cp), 27.74 (tBuE1l),
27.60 (22+18+26+tBukK2+K2Cd(m) +tBuE1do+E1CP), 26.73 (K2Cd(n)), 26.29 (Ahx3Cy(m)), 26.19
(Ahx3Cy(n)), 24.75 (Ahx3Cf(m)), 24.65 (Ahx3CB(n)), 22.61 (K9CY), 22.40 (K2Cy(n)), 22.24 (K2Cvy(m)).

HRMS (m/z, ESI): calc. for Ci04H163°CIN16024 - [M+2Na*]?* 1050.5749, found: 1050.5749

Compound 38

Compound 37 (1 eq.; 144 mg; 72 pmol) was dissolved in DMF (3 ml), then the system was vacuumate
and filled with Ar. Next PhSiH3 (6 eq.; 52 pl; 420 pmol) was added. After 2 min of stirring Pd[P(Ph)s]4 (0.1
eq.; 8 mg; 7.2 pmol) in DCM (2 ml) was added using a syringe and the mixture was stirred for 90 min under
inert atmosphere of Ar. Afterwards, the solvent was removed under reduced pressure and the residue was re-
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evaporated twice with DCM (3 ml) to completely remove the DMF residue. The resulting amorphous mass was
grinded using a spatula to obtain a fine powder, which was washed with Et2O (3*2 ml). Then, the residual
solvent was removed from the precipitate under reduced pressure. Compound 38 was obtained as pale-yellow
solid (138 mg, quant.).

H NMR (400 MHz, DMSO-d6, 8): 8.31-8.16 (m, 3H, F5NHmn+G10NH+F6NH), 8.15-8.02 (m,
2H, GZNH+X11NHD), 8.02-7.92 (m, 1H, KO9NH), 7.92-7.81 (m, 1H, Ahx3NHCmn), 7.78-7.65 (m, 1H,
X11NH), 7.42-7.08 (m, 14H, X8dn+X8en+X8dm+ X8em+F6e+F60+X8nmn+F5e+F6(+F5C+F50+X8ymn),
6.35-6.21 (m, 2H, K2NHm+ K2NHn+E1NHm+E1NH#n), 4.60-4.31 (m, 4H, X8anm+F6a+Alloca+F5Ha),
4.23-4.13 (m, 1H, K9), 4.08-3.90 (m, 2H, Ela+K2am+K2an), 3.81-3.58 (m, 4H, G7a+G9%), 3.80-1.60
(br.m., 24H, DOTA), 3.25-2.81 (m, 13H, K2enm+F6p(a)+X11y+X11la +F6B(b)+Ahx3e+F503(a)), 2.70-2.60
(m, 1H, F5p(b)), 2.59-2.51 (m, 2H, K9¢), 2.40-2.10 (m, 8H, Ahx3am+Suc4mn+Ely+Sucdamn+Ahx3an),
1.92-1.80 (m, 1H, E1B(a)), 1.72-1.10 (m, 21H,
E1B(b)+K9B(a)+K2p(a)+Ahx33+X113+K93(b)+K2p3(b)+K9d0+Ahx30+K20+K2y+K9y+Ahx3y, m+n), 1.43
(s, 9H, 22), 1.40 (s, 18H, 18+26), 1.40-1.35 (m, 27H, tBu).

Compound 39

Compound 38 (1 eq.; 138 mg; 70 pmol) was dissolved in DCM (5 ml). Then succinic anhydride
(2 eq.; 14 mg; 140 pmol), DIPEA (2.5 eq.; 31 ul; 175 umol) were added and the reaction mixture was
stirred for 6 h under inert atmosphere of Ar. Afterwards, the solvent was removed under reduced pressure.
The residue was dissolved in a mixture of H2O/MeCN (50/50, 8 ml), charged with saturated NaHCO:s
solution (2 ml) and stirred for 10 min. Next, the solvent was removed under reduced pressure until
formation of the powder, which was grinded using a spatula and washed with H2O (3*3 ml). Then,
the residual solvent was removed from the precipitate under reduced pressure. Compound 39 was obtaines
as Na salt as pale-yellow solid (138 mg, 94% yield) and used without further purification.

ESI-MS Ci04H16335CIN16025: m/z calc. for [M+H*+Na*]?*: 1047.58, found: 1047.39.

Compound 40*
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Compound 39 (1 eq.; 137 mg; 65.4 umol), HOBt (0.75 eq.; 6.6 mg; 49 umol), HBTU (3 eq.; 74.4
mg; 196.2 umol) and DIPEA (6 eq.; 68 ul; 392.4 umol) were added under Ar atmosphere to a mixture of
compound 20 on Rink Amide MBHA resin (1 eq.; 65.4 umol) in DMF (5 ml) in reactor. The mixture was
stirred for 24 h under inert atmosphere of Ar. Then the solvent was removed by filtration on a porous reactor
filter and the resin was washed three times with DMF (5 ml), three times with DCM (5 ml), then dried from
traces of solvents.

After, the resin was transferred to a 10 ml round-bottomed glass flask, charged with the system
of TEA/TIPS/PhSMe/H20 (90%/5%/4%/1%, 7 ml) and stirred for 4 h. Then the resulting solution was
separated on a sintered glass filter, washing the residue twice with TFA. The solvent was removed
under reduced pressure, the crude product was precipitated by Et:2O and purified by column
chromatography (Puriflash PF-15C18HP- F0040 (15u 60g), eluent: HyO0(95%)/MeCN(5%) =>
H>0(50%)/MeCN(50%) for 50 min, after MeCN(100%) for 10 min). Compound 40* was obtained as white
solid (96.5 mg, 30% yield from max resin capacity, 52% from PSMA fragment).

'H NMR (400 MHz, DMSO-d6, d): 10.82-10.72 (m, 1H, W8(3)), 8.58-7.89 (m, 13H,
F5SNHmn+F6oNHm+G10NH+Q7NH+
G11INH+F6NHn+G7NH+X11NHO+F6(D)NH+H12NH+W8NH+L14NH+A9INH+Ahx3NHCmmn), 7.90-
748 (m, 4H, VIONH+ KONH+K9NHe+X11NH), 7.62-7.55 (m, 2H, W8(8)+H12(3)), 7.51 (s, 1H,
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L14NH2a)), 744 (d, J = 89 Hz,  1H, Stal3NH), 7.41-709 (m, 21H,
X80n+X8en+W8(5)+X8dm+X8em+F6e+F60+X8nmn+F6(D)o+F6(D)e+F5e+F6C+ F6(D)C+ F5C+ WS8(2)+
X8ym+ F55+X8yn), 7.09-6.90 (m, 4H, Q7NH2(a)+W8(6)+L14NH2(b)+W8(7)), 6.86 (br.s., 1H, H12(5)),
6.75 (s, 1H, Q7NHzx(b)), 6.54-6.22 (m, 2H, K2NHmn+EINHmn), 4.60-4.25 (m, 8H,
X8an+W8a+H12a+X8am+E6(D)a+F6a+A9a+Fsamn), 4.24-3.96 (m, 6H,
K9a+V10a+L14a+Q7a+Elat+K2am+ K2an), 3.90-3.60 (m, 8H, Stal33+Stal3a+G10a+G11a+G7ar), 3.60-
2.40 (br.m, 44H, 2+19+15+23+HcyclictK2en+ W8B(a)+ K2em+ Fé6B(a)+Hcyclic
+X11y+W8[(b)+Ahx3em+X11a+Ahx3en+F6(D)B(a) +K9e+F63(b)+H12((a)+F503(a) +H12B(b)
+F6(D)B(b) +F5B(b)), 2.40-1.95 (m, 15H, Suc4pm+Sucdam+Ahx3am+SucdPn+Ely+ Ahx3an+
Suc4ant+Stal3y+Sucl2a+Sucl23+V10p), 1.94-1.82 (m, 3H, Q7y+Elp(a)), 1.82-1.69 (m, 6H,
Q7pB(a)+E1p(b)+L14y +K2p(a)+ Q7pB(b)+K9p3(a)), 1.57-1.13 (m, 26H,
X11p+K90+Ahx3pm+K2p3(b)+K9B(b)+Ahx3Bn+K20m+L14[3+Stal3e+ K2dn+ Ahx3dm+
Stal3d(a)+Ahx3dn+Ahx3ymn+K9y+K2ymn+A9p+5tal3d(b)), 0.90-0.75 (m, 18H, L14d(a)+ V10y(a)+
L14d(b)+ V10y(b)+ Stal3C(a)+Stal3C(b)).

LCMS 95% in positive ion mode

ESI-MS Ci35sH1933’CIN30Oss: m/z calc. for [M+3H*]3+: 944.80, found: 945.05.

5. Conclusions

Herein, in this work six new alternative routes for the stereoselective synthesis of heterobivalent
(HBV) conjugates for the delivery of the 2,2',2",2"-(1,4,7,10-tetraazacyclododecane-1,4,7,10-tetrayl)
tetra acetic acid (DOTA) to prostate-specific membrane antigen (PSMA)/gastrin-releasing peptide
(GRP) receptors have been proposed. These Routes were compared in terms of their efficiency, labor
intensity and the difficulties of synthesis and products isolation, as well as the yields of the target
compounds. The tested strategies ranged from 40 to 44 stages in total. The optimal conditions for the
stereoselective synthesis of the HBV ligand for PSMA&GRPr, which can serve as a molecular
platform for targeted delivery of therapeutic and/or diagnostic agents, have been determined.

The proposed optimal synthetic route consists of: 1) synthesis of vector fragment 6 based on a
PSMA inhibitor (Scheme 1); 2) synthesis of PSMA ligand 18 (Schemes 2 and 3); 3) SPPS of the J]MV594
peptide sequence with spacer (Ahx) and branch fragment (Lys) on Rink Amide MBHA resin (Scheme
4); 4) Conjugation of the PSMA ligand 18 to the GRPr ligand 22 attached to on Rink Amide MBHA
resin (Scheme 7); 5) Removal of the HBV Ligand 26 from Rink Amide MBHA Resin (Scheme 7); 6)
Conjugation of the (HO)sDOTA-COOSu to the HBV Ligand 26~ in solution (Scheme 7).

The obtained compounds were comprehensively characterized by NMR spectroscopy and high-
resolution mass-spectrometry data; the complete assignment of signals in NMR spectra of the
compounds 18* (PSMA ligand; 'H, 1*C), 20x (GRPr ligand; 'H, *C, >N), 26x (HBV ligand; 'H, *C, ®N),
27 (HBV conjugate; 'H, 1*C) was completed using two-dimensional NMR sequences.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org.
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