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1. Uvod

Tato rigor6zni prace je tvorena tfemi hlavnimi ¢astmi. Prvni ¢ast tvofi uceleny
uvod do problematiky, komentar a shrnuti k pfedlozené publikaci. Druha ¢ast je tvofena
¢lankem publikovanym v mezindrodnim impaktovaném casopise Organic and

Biomolecular Chemistry a tfeti experimentalni ¢asti (Supporting Information).

2. Seznameni s tématikou

Tato prace vznikla béhem vyvoje novych derivati 3-hydroxychinolin-4(1H)-oni
(3-HQs), skupiny latek, kterou se na naSem pracovisti dlouhodobé¢ zabyvame. Tyto latky
jsou dusikatymi analogy pfirodnich flavoni vykazujicich fadu biologickych aktivit.'
Také ve skupiné 3-HQs jiz byla objevena fada biologicky aktivnich derivati
vykazujicich hlavn& protinddorovou aktivitu, antivirovou & imunosupresivni.>” Stale
vSak chybi hlubsi znalosti o vztahu jejich struktury a biologické aktivity a definice
jejich moznych molekuldrnich cili. Nasim ukolem je tedy vyvoj novych syntetickych

metod pro piipravu rizné modifikovanych 3-HQs.

VétSina syntéz 3-HQs je zaloZend na cyklizaénim kroku fenacylesteri kyseliny
anthranilové I zahiivanim v kyselém prostfedi — napt. v kyseliné octové (AcOH),
polyfosforecné (PPA) nebo trifluoroctové (TFA), popiipadé¢ =zahtivanim v N-
methylpyrrolidonu (NMP) (Schéma 1), kterd byla vyvinuta na naSem pracovisti v roce
1995.° Tato metoda je univerzalni a poskytuje vysoké vytézky.
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—_—
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Schéma 1: Cyklizace fenacylesteru na 3-HQ.

Pro efektivngjsi studium 3-HQs byla vyvinuta také jejich syntéza na pevné fazi.’

Syntéza na pevné fazi je dulezitym néstrojem medicinalni chemie. Umoziiuje v kratkém



Case soucasné pripravit fadu derivatd. Oproti roztokové chemii pfindsi velkou ¢asovou

tsporu predeviim diky eliminaci &isticich a izolaénich krokd viech meziproduktd.®

Spolec¢nym problémem doposud piipravenych derivati 3-HQs je Spatné rozpustnost ve
vodé. M4 diplomova prace byla proto zaméfena na vhodnou modifikaci aminové
skupiny poloze 1 fenacylesteru III a jeho néasledna cyklizace na N-substituované 3-HQs

IV na pevné fazi (Schéma 2).
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Schéma 2: Obecna ptiprava cileného derivatu chinolonu.

Pti vystavbé N-substituovaného fenacylesteru modifikovaného na dusiku aminovou
skupinu bylo pozorovdno neobvyklé chovani latek V (Schéma 3). Pii hydrolyze
methylesterové funkce v prostiedi trimethylsilanolatu draselného (TMSOK)
v tetrahydrofuranu (THF) se odstépila hydrazinova skupina za vzniku derivatu IX, ¢imz

byla znemoZnéna nésledna cyklizace na odpovidajici produkt VIII (Schéma 3).
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Schéma 3: Odstépeni hydrazinoveé skupiny za podminek hydrolyzy esteru.

Vzhledem ke snadnosti (laboratorni teplota, 30 min reakce) a Cistoté, s jakou reakce
probihala, jsme se rozhodli touto transformaci hloubé&ji zabyvat (Schéma 4). Vysledky
piedstavuje pfedloZena rigordzni prace.

H

N TMSOK

R™ 'NH, — ™ R-H

30 min, rt
Schéma 4: Obecné schéma dehydrazinace pomoci TMSOK.

Syntéza hydrazin@i je prozkouména uz mnoho let.” Existuje viak malo praci
zabyvajicich se odstranénim hydrazinové skupiny z molekuly. Jsou popsany reakce,
které vyuzivaji k odstranéni hydrazinové skupiny ionty tézkych kovl, hlavné oxidy

111 Evidentni nevyhodou je vsak toxicita téchto &inidel. Podobné

stiibra a rtuti.
problémy pfinasi i pouziti siranu médnatého, kdy je velmi obtizné po reakci odstranit
médnaté ionty, které byvaji fadou organickych latek komplexovany.'”" Metody

vyuzivajici tato Cinidla tak nemohou byt pouzity k pifiprave latek, které by mély



biologické aplikace. Dalsi popsané metody a jejich nevyhody jsou shrnuty
v predkladané publikaci. Nasim cilem proto bylo najit nové, mirné podminky pro
odstranéni hydrazinové skupiny z organickych molekul jak na pevné fazi, tak 1

v roztoku, které by byli kompatibilni s principy ,,green* chemie.

2.1. Komentar k predlozené publikaci

Cilem pfedloZzené rigordzni prace je v prvni Casti syntéza hydrazinovych
derivatl, které jsou vychozimi latkami pro nésledujici dehydrazinaéni reakce. Dalsi
sekce je zaméfena na piipravu monosubstituovanych a disubstituovanych derivatu
hydrazinu na pevné fazi. Téchto 12 derivati hydrazinli je navazanych na Rinkovu
pryskyfici s B-alanin-phenylalaninovym linkerem pro lep$i monitorovani pomoci LC-
MS. Poté néasleduje optimalizace dehydrazinac¢nich podminek v case. NejlepSich
vysledkli pro odstranéni hydrazinové skupiny je dosazeno reakci s 0.2M TMSOK v
THF po dobu 30 minut a laboratorni teploté. Pro monosubstituované hydraziny bézi
reakce Cisté. Naopak, pro N,N’- disubstituované hydraziny se reaktivita li$i. Hydraziny
ochranéné Fmoc skupinou maji nulovou konverzi. Mesylované derivaty reaguji, ale
s horsi Cistotou neZ monosubstituované a acetylované derivaty reaguji srovnatelné jako
monosubstituované (viz. publikace Tab. 1). Dal§im parametrem optimalizace je volba
baze, respektive ovéfeni, zda je tato reakce typickd pouze pro TMSOK. Z vysledkt
vyplyva, Ze §té€pit hydraziny je moZzné i pomoci jinych bazi, nicméné pouze pouZziti
TMSOK vede ke stoprocentni konverzi a navic v nejkratSim reakénim cas (viz.
publikace Tab. 2). Vzhledem k potencidlnimu pouziti TMSOK v piipravé biologickych
latek byla optimalizovana také koncentrace tohoto ¢inidla. Minimalni koncentrace, pfi

které je Stépeni stdle mozné, je 3nM. pH takového roztoku je 7 (viz. publikace Obr. 1).

Vzhledem k tomu, Ze syntéza na pevné faze neni vZdy v organické chemii moZna, je
dalsi Cast prace vénovana optimalizaci reakénich podminek v roztoku. Vybranych 12
jednoduchych monosubstituovanych hydrazinti je podrobeno reakci s TMSOK.
Koncentrace je snizena na 0.15M roztok TMSOK a reakce jsou provedeny
v deuterovaném N, N-dimethylformamidu (d,-DMF) z divodu soucasné kvantifikace
produktii pomoci 'H NMR. Pro 4 derivaty, které poskytovaly nizky vytézek, je reakéni
teplota zvySena na 70°C. Dehydrazinace bézi dobife pro fenylhydrazin a jeho derivaty
nesouci substituenty dodavajici elektrony. Naopak, jeho deaktivované derivaty poskytuji

nizsi vytézky (viz. publikace Tab. 3).

10



Pro mozné uplatnéni této metody v ,,green,” chemii je vybrano 8 hydrazint, které jsou
rozpustné ve vodé. Piestoze je k dosazeni Gplné konverze zapotiebi prodlouzit reakéni
¢as na 48 hodin (pfi 15M koncentraci TMSOK ve vod¢), reakce poskytuji excelentni
vytézky (viz. publikace Tab. 4)

Stépeni hydrazind pomoci TMSOK je pak podpofeno navrhem mechanismu reakce.
Dtlezitym parametrem je pfitomnost vzduSného kysliku, coz bylo experimentilné

oveéreno.

2.2. Shrnuti

Tato prace piedstavuje novou metodu efektivniho odstranéni hydrazinové
skupiny z organickych molekul, ktera se d4 vyuzit jak na pevné fazi, tak i v roztoku.
Reakce probihd v roztoku TMSOK pievazné za kratkych reakénich ¢ast a laboratorni

teploty a také splituje principy ,,green” chemie.'®'*

V piipadé, ze je Stépeni hydrazinu
nezadouci a je nutné pouziti TMSOK za jinym ucelem, je mozné hydrazin pted

Stépenim ochranit chranici skupinou (napi. Fmoc).

11
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An efficient method for removal of the hydrazine group from (hetero)aromatic substrates has been deve-
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Hydrazine chemistry is a part of important areas in organic
synthesis." Monosubstituted hydrazines are frequently used
intermediates in many synthetic applications, including reac-
tions with carbonyl compounds to produce hydrazones,>
preparation of indoles by Fisher Indol synthesis,® synthesis of
aminopyrroles* and many others.>” Although hydrazine syn-
thesis is well described,® including the chiral species,” only
few methodologies have been reported for dehydrazination
reactions, which can be advantageously used for indirect
removal of halogens,'® removal of hydrazine as a protective
group in synthetic pathways'® or labelling of compounds with
deuterium."

To the best of our knowledge, the published dehydrazina-
tion protocols are mostly based on facile oxidation of hydra-
zines. The oxidizing agents are typically metallic oxides, very
often silver oxide'” or HgO,"* which cause complications due
to the toxicity of the traces of mercury ions remaining in the
synthesized product or the precipitation of metallic silver as
well as its salts derived from the treated compounds. Dehydra-
zination by aqueous copper sulphate was also described.'*"
In this reaction, the principles of green chemistry are
respected, employing a catalytic amount of copper sulphate in
water’” or employing microwave irradiation on supported
copper sulphate.'® The disadvantage of this method is the
possible complexation of a substrate by copper ions.

A reaction with nitric oxide in the presence of oxygen in
tetrahydrofuran (THF) belongs to the methods that avoid the
use of metal ions for removal of hydrazine, but this reaction
results in the subsequent formation of azides as co-products.*’

“Department of Organic Chemistry, Faculty of Science, Palacky University,

771 46 Olomouc, Czech Republic

bInstitute of Molecular and Translation Medicine, Faculty of Medicine and Dentistry,
Hnévotinskd 5, 779 00 Olomouc, Czech Republic. E-mail: hlavac@orgchem.upol.cz
tElectronic supplementary information (ESI) available: Experimental pro-
cedures, NMR spectra. See DOI: 10.1039/c60b00737f

4824 | Org. Biomol. Chem., 2016, 14, 4824-4828

loped. It can be realized both on a solid support and in solution by synthesis employing a low concen-
tration solution of trimethylsilanolate in tetrahydrofuran or N,N-dimethylformamide. For water-soluble
substrates, the reaction can be performed in water, highlighting the eco-friendly attributes of this

The other oxidative dehydrazination reaction free of metal
ions described by Wobus et al.'® is based on dehydrogenation
of the hydrazino group to form diazene, followed by spon-
taneous loss of nitrogen. This reaction is limited to n-deficient
(hetero)aromatic systems such as derivatives of pyridazine.
Finally hydrazines able to undergo tautomery can be cleaved
via Wolff-Kishner reduction in strong alkaline solutions. The
reaction is limited to heteroaromatic systems able to form
hydrazones."®

All of these above-mentioned reactions either require oxi-
dizing agents causing potential side reactions or implement-
ing toxicity or they are limited to electron-poor substrates.

Herein, we report a very fast and efficient methodology for
dehydrazination of (hetero)aromatic substrates occurring
under mild conditions. This protocol can be applied in solu-
tion as well as in solid phase organic synthesis (SPOS), which
is not limited only to a laboratory scale but can also be applied
in commercial drug production.

During our study on the saponification reaction of immobi-
lized ester 1a using potassium trimethylsilanolate (TMSOK) in
THEF, we observed not only hydrolysis of the methyl ester group
but also removal of the hydrazine moiety as well (Scheme 1).

Realizing the potential application of this result, we
decided to study this unusual hydrazine cleavage in detail. For
this purpose, we prepared a series of immobilized aromatic
and heteroaromatic hydrazines. Their synthesis employed
either immobilization of commercially available hydrazines or
their direct preparation on a solid support by nucleophilic sub-
stitution from the corresponding fluoro derivatives (for details

o} Q
coove TMSOK(OSM COOH
Q@—B-Ala—Phe—NH RT. 30 min @—B-Ala—Phe—NH

1a 2a

Scheme 1 Dehydrazination reaction under saponification conditions.

12 This journal is © The Royal Society of Chemistry 2016
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see the ESIt). Widely used aminomethylene polystyrene with a
Rink linker was used as the solid support. For better monitor-
ing of the products by LC/MS, a dipeptide linker (B-Ala-Phe)
was introduced before the arylhydrazine moiety.

The hydrazine derivatives selected to be studied in the reac-
tion were monosubstituted arylhydrazines and arylhydrazines
protected by using Fmoc, mesyl (Ms) and acetyl groups.

The reaction was carried out in THF, where TMSOK was dis-
solved at a concentration of 0.2 mol 17", The reaction time was
optimized to 30 min at room temperature (RT).

The results of the complete four step synthesis of derivative
2 are summarized in Table 1. The products were isolated by
HPLC purification directly after the reaction, and yields were
calculated compared to the initial loading of the resin. The
methylester group of compounds 1a, 1c and 1d were hydro-
lysed and isolated as carboxylic acid 2a.

These results clearly demonstrate that the monosubstituted
(hetero)aromatic hydrazines easily undergo hydrazine cleavage
under treatment with TMSOK.

Obviously, once the (hetero)aromatic hydrazine is pro-
tected, the dehydrazination does not work properly. No conver-
sion during the treatment with TMSOK was observed in the
case of Fmoc protected derivatives 1b, 1f and partially 1j,
where also the products of decomposition were observed.
Although dehydrazination was observed in the case of mesyl-
protected hydrazines 1c and 1k, the yields were low because of
the formation of a number of side products. In the case of
compound 1g no study of the cleavage was performed because
it was possible to prepare the starting material only with very
low purity. Surprisingly, when the hydrazine is substituted
with an acetyl group, the removal of this moiety proceeds with
good conversion as is shown in the case of derivatives 1h and
11. The low reactivity of Fmocylated hydrazines can be advanta-
geously used for selective protection of the hydrazine group

Table 1 Synthesis of derivatives 2 via dehydrazination of compounds 1

R! TMSOK (0.2 M)
o LAl
HN N‘gz THF
1 RT, 30 min 2

R'-H

1 R' R’ 2 Yield of 2% (%)

0, b
la COoMe -H 2a CZO
1b  Q-B-Ala-Phe-NH -Fmoc  2a ,
1c -Ms 2a 16

1d o N -COMe 2a 19°
1e \— ) H 2e 53
c
i; @-B-Ala-Phe—NH 'E/Ir;‘(’c ;Z J
1h -COMe  2e 54
1 o H 2i 58
1j Q -Fmoc 2i ¢
1k Q—g.Ala-Phe—NH Ms 2 17
11 -COMe  2i 57

@Overall yield determined by "H NMR spectroscopy after HPLC purifi-
cation and calculated to initial loading of the resin. ? Product was iso-
lated as a carboxylic acid. ° Product was not observed. ¢ Reaction was
not studied because the preparation of 1g proceeded with very low

purity.

This journal is © The Royal Society of Chemistry 2016
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Table 2 Optimization of the reaction conditions for derivative 1i using
different bases in THF

Entry Base t (h) ¢ (mmol) Conversion® (%)
1 NaOH 0.5 500.0 27
2 NaOH 1.5 500.0 70
3 LiOH 0.5 500.0 34
4 LiOH 1.5 500.0 62
5 t-BuONa 0.5 500.0 27
6 t-BuONa 1.5 500.0 70
7 MeONa 0.5 500.0 9
8 MeONa 1.5 500.0 62
9 DBU 0.5 500.0 36
10 DBU 1.5 500.0 82
11 TMSOK 0.5 200.0 74
12 TMSOK 0.5 100.0 69
13 TMSOK 0.5 50.0 76
14 TMSOK 0.5 25.0 57
15 TMSOK 1.0 12.5 100
16 TMSOK 1.0 6.2 100
17 TMSOK 1.0 3.1 88
18 TMSOK 1.0 1.6 38

“ Conversion was determined by HPLC with PDA detection.

against trimethylsilanolate treatment. If hydrazine removal is
intended, no protection is necessary. However, if we want to
preserve the hydrazine, e.g., during ester hydrolysis mediated
by using TMSOK, we can avoid the cleavage by facile Fmoc
protection.

We were also interested in knowing whether TMSOK is the
specific base responsible for the cleavage or if it could be
replaced by another base. We therefore selected one model
compound 1i and extended the study to a wider range of
bases, replacing TMSOK with sodium hydroxide (NaOH),
lithium hydroxide (LiOH), sodium tert-butoxide (¢-BuONa),
sodium methoxide (MeONa) and 1,8-diazabicyclo[5.4.0Jundec-
7-ene (DBU) (Table 2). At the same time, the influence of the
TMSOK concentration on reactivity was studied as well. The
reactions were monitored by LC/MS.

The results indicate that hydrazine can be cleaved from the
aromatic compound by treatment with different bases.
However, in many cases the remaining starting material
decreases the conversion. The best results, requiring the short-
est reaction times as well as providing the highest product
purities, are achieved using TMSOK.

It is worth highlighting the TMSOK concentration necessary
for successful performance of the reaction. The reaction still
proceeds satisfactorily with a concentration as low as 3 mM
(Fig. 1).

As solid-phase synthesis is not always applicable in organic
synthesis, we examined the possibility of hydrazine cleavage in
solution as well. Twelve simple (hetero)aromatic hydrazines
were chosen as model substrates, including both electron-
donating as well as electron-withdrawing substituents
(Table 3) in various positions of the aromatic ring, and they
were treated with 0.15 M solution of TMSOK in N,N-dimethyl-
formamide-d, (d,-DMF). d,-DMF was chosen due to its better
solubilization of the selected substrates and a possibility of
direct yield determination using "H NMR by comparison with

13 Org. Biomol. Chem., 2016, 14, 4824-4828 | 4825
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Fig. 1 Optimization of the TMSOK concentration for reaction of 1i.
*Conversion was determined by HPLC with PDA detection.

Table 3 Hydrazine cleavage in solution with the corresponding yields
in d;-DMF

R TMSOK 015 M) o,
HN=NH; d,-DMF
RT,9h
3

Qﬁ@@( Rty

NHz .
/©/ ©/ @ N E)\t > CIJ\/Nj\
Meoo.

Compound 3 Yield of 4% (%) Yield of 4 at 70 °C, 48 h“ (%)

3a 99 —
3b 95

3¢ 35

3d SM

3e 89

3f 81 —
3g 55 —
3h 85 —
3i 90 —
3j 69 —
3k Insoluble 50
31 42 97

“Yield determined by "H NMR spectroscopy.

the residual solvent signal.*® The concentration of TMSOK was

optimized, and the best results were obtained when the con-
centration of TMSOK was 0.15 M. For four derivatives the
general reaction conditions afforded lower yield, therefore the
temperature was increased to 70 °C (Table 4).

The dehydrazination works very well for phenylhydrazine
and substrates with electron-donating groups. Lower yields
must be expected for substrates bearing electron-withdrawing
groups. The good conversion is exemplified by the change in
the NMR spectra as shown in Fig. 2 for derivative 3b (for other
crude NMR spectra see the ESIf).

Although THF and DMF are acceptable solvents from their
toxicity point of view,>" water is still the first choice for “green
chemistry”. We therefore selected another eight water-soluble

4826 | Org. Biomol. Chem., 2016, 14, 4824-4828
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Table 4 Hydrazine cleavage in solution with the corresponding yields
in water

R TMSOK (0.15 M)
HN-NHo HCL —— = R-H
5 RT, 48h s
R COOH COOH COCH COOH
_I‘f ;‘J
anan COOMe
a b c d
COOH
COOH SOzH NHy
A N7
| I 3
N ’&)\N/ N>
oy o Mo o
HO OH
e f g h

Entry Compound5 Yield of 6“ (%) Yield of 6 at 70 °C, 48 h“ (%)
1 5a 99 —
2 5b 64 —
3 5¢ 77 —
4 5d 81 —
5 5e 71 —
6 5f 90 —
7 5g 98 —
8 5h 40 89
9 3k 49 45

“Yield determined by "H NMR spectroscopy.

substrates 5a-h and hydrazine 3k and examined their reactivity
under the treatment of 0.15 M solution of TMSOK in water
(Table 4). For most substrates the dehydrazination works quan-
titatively within 48 hours in all cases with excellent yields. For
two substrates the temperature had to be increased to achieve
higher yields (Table 4).

Finally we tried to suggest a mechanism for hydrazine
group removal (Scheme 2).

The reaction of unprotected arylhydrazine Ay starts prob-
ably by dissociation of an acidic NH proton. The possibility of
conjugation in the system Cy is the stimulation for oxidation
of intermediate By with air. The air oxidation assistance was
proved by performing the experiment under an inert atmo-
sphere, where no reaction was observed. Decomposition of
diazene Cy to hydrocarbon E via anion D is included in other
published mechanisms."" A similar process can be expected
for acetylated hydrazine A,., probably when the amide NH
proton is removed first. The analogous acetyl diazene Cpy,
formed by air oxidation can be then hydrolyzed by trimethyl-
silanolate to give intermediate D again, which is further stabil-
ized by a proton to the final hydrocarbon E. The bulky Fmoc
and strong electronegative mesyl group analogues of hydrazine
A, are probably more resistant to proton removal and/or oxi-
dation because of steric hindrance and/or the increased elec-
tron withdrawing effect. The suggested mechanism is probably
involved also in cleavage of a hydrazone linker published
recently.”

14 This journal is © The Royal Society of Chemistry 2016
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Fig. 2 *H NMR spectra of starting tolylhydrazine 3b (upper spectrum)
and crude product 4b after its treatment with TMSOK (lower spectrum)
in d7-DMF.
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Scheme 2 The supposed mechanism of dehydrazination.

In conclusion, we introduced a new methodology for hydra-
zine cleavage from aromatic substrates. The reaction is wide in
scope and usually occurs at RT in acceptable reaction times.
The reaction requires only low concentrations of TMSOK in
THF or DMF frequently used in chemical research as well as
production. Significantly, for water-soluble substrates, the reac-
tion can be successfully performed even in water, which fully
respects “green chemistry” principles.

This journal is © The Royal Society of Chemistry 2016
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Moreover, such a simple methodology works in solution as
well as on a solid support, and thus it is easily applicable in
industrial production of active pharmaceutical ingredients via
both methodologies, where SPOS is also established for com-
mercial production on a kilogram scale in addition to tra-
ditional solution-phase synthesis."®

Hydrazine removal can be avoided by using a suitable pro-
tecting group, and thus the removal of a hydrazine group can
be directed.
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1. General considerations

LC/MS analyses were performed using UHPLC/MS with an UHPLC chromatograph Acquity with PDA
detector and a single quadrupole mass spectrometer (Waters) with an X-Select C18 column at 30 °C and a
flow rate of 600 pl/min. The mobile phase consisted of (A) 0.01 M ammonium acetate in water and (B)
acetonitrile, with linearly programmed gradient over the course of 2.5 min and then maintains this
concentration for 1.5 min. Two methods with various solvent gradients were used for the measurements
(change of % A): method 1 (from 80 to 20), method 2 (from 100 to 50). The column was re-equilibrated
at 10% B for 1 min. The APCI ionization operated at a discharge current of 5 pA, vaporizer temperature
of 350 °C and capillary temperature of 200 °C.

Purity of compounds was determed as ratio of appropriate peak area to sum of areas of all peaks
of the mixture. Areas were determined by integration of the peaks from PDA detector response.

Purification was performed using semipreparative HPLC with a Waters 1500 series HPLC
equipped with an Autosampler 2707, a Binary HPLC pump 1525, a Waters Photodiode Array Detector
2998 and a Waters Fraction Collector III with a YMC C18 reverse phase column, 20 x 100 mm, with 5
um particles. The mobile phase consisted of acetonitrile and a 10 mM aqueous ammonium acetate
gradient over 6 min.

NMR spectra were measured in DMSO-d,;, water-d, DMF-d; using JEOL ECX-500 (500 MHz)
spectrometer. Chemical shifts (8) are reported in parts per million (ppm), and coupling constants (J) are
reported in Hertz (Hz). Acetate salts exhibited singlet at 1.7 — 1.9 ppm in the "H NMR spectrum and two
resonances at 173 and 23 ppm in °C spectrum.

Solvents and chemicals were purchased from Sigma-Aldrich (Milwaukee, IL,
www.sigmaaldrich.com) or Aapptec (USA, http://www.aapptec.com).

Following abbreviations were used: AAL (amino acid linker), DCM (dichloromethane), DIC
(N,N'-diisopropylcarbodiimide), DIEA (N,N-diisopropylethylamine), DMF (N,N-dimethylformamide),
HOBt (1-hydroxybenzotriazole hydrate), RT (room temperature), TFA (trifluoroacetic acid), THF
(tetrahydrofuran), TMSOK (potassium trimethylsilanolate).

Deprotected resin means that resin was treated in mixture of 50% of piperidine in DMF for 20
min at RT to removed Fmoc group.

For the analysis of the product immobilized on the resin following procedure was used: analytical
sample of resin (~ 5 mg) was treated with cleavage cocktail 50% TFA in DCM for 15 min at RT. The
cleavage cocktail was evaporated by a stream of nitrogen and resin was extracted into 1 mL of 50%
MeOH/water and analyzed by LC/MS.

Analysis of preparative sample for full characterization of the compound was done by the same
procedure with use of 10 ml of TFA/DCM per 1g of the resin and extraction of the residue to 10 ml of
50% MeOH/water. All compounds after semipreparative HPLC were obtained with purity >98%
according to the PDA detector.

NMR quantification was determined directly using '"H NMR by comparison with the residual
solvent signal'.

S-2
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2. Reactions on solid support
2.1.Synthesis of p-Ala-Phe spacer — resins 7 and 8

Resin 7 and resin 8 were prepared according to the following scheme:

Ph

~
H 1. 50% piperidine/DMF 1. 50% piperidine/DMF
N, _Fmoc
(g OH, HOBt, g \ﬂ/\/ “Fmoc 2. Fmoc-Phe-OH, HoBt, @ Tl/\/ Tl/\
DIC, DCM,DMF DIC, DCM,DMF
Rind Amide resin 7 8

Resin 7: To the deprotected Rink Amide resin (1 g; 100-200 mash; loading 0.6 mmol/g) solution of an

Fmoc-B-Ala (1.24 g; 4 mmol), DIC (0.62 mL; 4 mmol) and HOBt (0.61 g; 4 mmol) in mixture of DMF

and DCM (50% vw; 12 mL) was added. Slurry was stirred 1 h at RT. Resin was washed with 3x12 mL

DMF and 3%x12 mL DCM and used in following steps.

Analysis of the cleaved compound from the resin 7.

N H Crude product: LC/MS analysis after cleavage form the resin: MS (ESI) exact mass
2 \n/\/ “Fmoc  caled. for CisH;oN,O5; [M+H]*: 311.13; found: 311.27, tg = 2.42 min (method 1),

© purity: 99%.

Resin 8: Attachment of the second amino acid followed the same procedure with use of resin 7 and
Fmoc-Phe as the aminoacid. The Fmoc groups were deprotected and the resin was used in following
steps.

Analysis of the cleaved compound from the resin 8.

Crude product: LC/MS analysis after cleavage form the resin: MS (ESI) exact
mass calcd. for C,7HxsN;O4 [M+H]": 458.20; found: 458.40, tg = 2.81 min

ZNT(\/HT(?\N/FmOC
5 5 H (method 1), purity: 99%.

Ph__

2.2.Preparation of monosubstituted and Fmocylated hydrazines 1a, 1b, 1e, 1f, 1i, 1j.

Resin 1a and resin 1b were prepared according to the following scheme:

Ph__

L‘ B 5 froe |- 50% piperidine/DMF Fmoo
. Fmoc \
N
O/ TO(\/ i.(\H 2. 3-hydrazinyl-4-(methoxycarbonyl)benzoic acid, d Y\/ Y\ BCH
Fmoc-Cl, DMF, DIEA, 3
3. HOBt, DCM, DIC

8

l 50% piperidine/DMF

Ph__

H Ho: f H
N Y N-NH
QU

(¢]
1a

Resin 1b: 3-hydrazinyl-4-(methoxycarbonyl)benzoic acid 5d' (0.55 g; 2.6 mmol), DIEA (1 mL; 2.6
mmol) and Fmoc chloride (0.59 g; 2.3 mmol) were dissolved in DMF (5 mL). After 20 min, solution of
HOBt (0.49 g; 3.6 mmol) and DIC (0.52 mL; 4 mmol) in DCM (5 mL) was added. Meanwhile,
immobilized peptide 8 (1 g) was deprotected. The resin was washed with 3x12 mL DMF and 3x12 mL

S-3
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DCM followed by the addition of the prepared solution of the hydrazine. The mixture was stirred for 1 h
at RT. Finally, the resin was washed with 3x12 mL DCM and 3x12 mL. DMF.
Analysis of the cleaved compound from the resin 1b.
Crude product: LC/MS analysis: MS (ESI) exact mass calcd. for
CyH36NsO; [M+H]": 650.25; found: 650.27, tx = 2.88 min,

Phy o
HZNTI/\/HWH\NJ\@E?(\N/FMC (method 1), purity: 88%.
o) o H 50H3 Pure product: Yield: 41 mg, 48%. 'H NMR (500 MHz, DMSO-dj)
o o ppm 8.78 (bs, 1H), 8.62 (d, J = 8.1 Hz, 1H), 8.12 (t, / = 5.6 Hz,
1H), 7.85 (bs,
2H), 7.71 (bs, 2H), 7.43 — 7.26 (m, 8H), 7.19 (t, J = 6.5 Hz, 3H), 7.09 (t, J = 7.1 Hz, 1H), 6.79 (s, 1H),
4.64 — 4.55 (m, 1H), 4.45—4.11 (m, 3H), 3.82 (s, 3H), 3.36 — 3.16 (m, 4H), 3.07 — 2.88 (m, 2H), 2.19 (td,
J=17.2,1.9 Hz, 2H).
Resin 1a: The resin 1b was deprotected and washed with 3x12 mL DMF and 3x12 mL DCM.
Analysis of the cleaved compound from the resin 1a.

Crude product: LC/MS analysis: MS (ESI) exact mass calcd. for
Ph

h o O H C, HyN5Os [M+H]™: 428.19; found: 428.40, tg = 1.71 min (method
"'ZN\n/\/N\n/'\HJ\(>;:/‘NH2 1), purity: 57%.

o o OCHs The derivative 1la was very unstable during purification, therefore

o] its structure was confirmed only by MS analysis and used directly

for next reaction.

Resin 1e and resin 1f were prepared according to the following scheme:

Ph._ Ph._
H N 1. 50% piperidine/DMF H Ho: o f
2t O i Oy Ty
o) o) H 2. 6-fluoro nicotinic acid , HOBt, DIC, DCM, DMF H |
O O = F
8 9
hydrazine monohydrate,
pyridine
Ph Ph
N o S0
H H H H H H
O/N\"/\/N\n/\N XN FmocCl, DCM, DIEA O/N\n/\/N\n/\N N
Ho | H Ho |
o o AN (e} o} ., ,-NH;
N Fmoc N
H H
1f 1e

Resin 9: The resin 8 (1 g) was deprotected and washed with 3x12 mL DMF and 3x12 mL DCM. Then,
solution of 6-fluoro nicotinic acid (0.43 g; 3 mmol), HOBt (0.46 g; 3.4 mmol) and DIC (0.47 mL; 3.7
mmol) in DMF and DCM (50% vv; 12 mL) was added. The mixture was stirred for 1 h at room
temperature. Finally, resin was washed with 3x12 mL DMF, 3x12 mL DCM and used for next step.
Analysis of the cleaved compound from the resin 9.

PR o Crude product: LC/MS analysis: MS (ESI) exact mass calcd. for

HAN H H C,sHFN,O5; [M+H]": 359.14; found: 359.45, tg = 1.41 min (method 1),
i g \H/\HJ\@NK purity: 99%.
(0] (0] = F
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Resin 1e: The resin 9 (1 g) was stirred in solution of hydrazine monohydrate (0.29 mL; 1 mmol) in
pyridine (12 mL) for 48 h at RT. Finally, the resin was washed with 3x12 mL DMF and 3x12 mL DCM.
Analysis of the cleaved compound from the resin 1e.

Crude product: LC/MS analysis: MS (ESI) exact mass calcd. for

Ph
HN “ \' 9 CsHx3NgO; [M+H]™: 371.18; found: 371.40, tg = 0.98 min (method
N \"/\HJ\CNL 1), purity: 61%.
o] o] Ny N2
H

The derivative 1e was very unstable during purification, therefore its
structure was confirmed only by MS analysis and used directly for
next reaction.

Resin 1f : The resin 1e (1 g) was stirred in solution of Fmoc chloride (1.48 g; 5.7 mmol) and DIEA (1.04
mL; 6 mmol) in DCM (12 mL) for 30 min at RT. Then, the resin was washed with 5x12 mL DCM.
Analysis of the cleaved compound from the resin 1f.
Crude product: LC/MS analysis MS (ESI) exact mass calcd. for
Phl o C33Hy3NgOs [M+H]*: 593.24; found: 593.22, tg = 2.55 min, (method

H .
HoN N~ N 1), purity: 98%.
N N
\([)]/\/ \g/\"')k@k Pure product: Yield: 59 mg, 44%. '"H NMR (500 MHz, DMSO-d;) &
NH

HNL ppm 9.38 (s, 1H), 8.50 (s, 1H), 8.41 (d, / = 8.2 Hz, 1H), 8.10 (d, J =

Fmoc 5.0 Hz, 1H), 7.91 (t, J = 9.4 Hz, 3H), 7.75 (d, J = 7.1 Hz, 2H), 7.45

(t,J=7.2Hz, 2H),7.34 (dd, J =22.2, 5.4 Hz, 6H), 7.24 (t, J = 7.6 Hz, 3H), 7.15 (d, /= 7.4 Hz, 1H), 6.84

(s, 1H), 4.67 — 4.58 (m, 1H), 4.45 — 4.26 (m, 3H), 3.30 — 3.24 (m, 2H), 3.08 (dd, J = 13.6, 4.1 Hz, 1H),

2.97 —2.91 (m, 1H), 2.23 (td, J = 9, 6.9 Hz, 2H). "C NMR (101 MHz) § 173, 172, 165, 157, 144, 141,
139, 130, 129, 128 (2C), 127 (3C), 126, 121 (2C), 66, 55, 47, 38, 36, 35.

Resin 1i and resin 1j were prepared according to the following scheme:

II:moc
Ph _NH
H HPh\: 1. 50% piperidine/DMF H H ™~ O HN
N N_ _~. .Fmoc N N
N 2. 2-hydrazinyl benzoic acid, DIEA, \n/\/ \H/\N
O/ Tol/\/ TOI/\H DMF, Fmoc-Cl U o o H

3. HOBt, DCM, DIC
1j

l 50% piperidine/DMF

Ph -
~ O HN

H H :
O/N\[]/\/N\n/\H

o] o]

1i
Resin 1j: 2-hydrazinyl benzoic acid 5a' (0.4 g; 2.6 mmol), DIEA (1 mL) and Fmoc Chloride (0.59 g; 2.3
mmol) were dissolved in DMF (5 mL). After 20 min, solution of HOBt (0.49 g; 3.6 mmol) and DIC (0.52
mL; 4 mmol) in DCM (5 mL) was added. Meanwhile, immobilized peptide 8 (1 g) was deprotected. The
resin was washed with 3x12 mL DMF and 3x12 mL DCM followed by the addition of the prepared

solution of the 2-hydrazinylbenzoic acid. The mixture was stirred for 1 h at RT. Finally, the resin was
washed with 3x12 mL DCM and 3x12 mL DMF.

NH,
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Analysis of the cleaved compound from the resin 1j
Fmoc Crude product: LC/MS analysis: MS (ESI) exact mass calcd. for
NH C3,H3uNsOs [M+H]™: 592.25; found: 592.22, tg = 3.03 min (method 1),

purity: 99%.
71/\/ TIA )b Pure product: Yield: 52 mg, 39%. 'H NMR (500 MHz, DMSO-dq) &

ppm 9.31 (s, 1H), 8.82 (s, 1H), 8.47 (d, J = 7.1 Hz, 1H), 8.13 (s, 1H),
7.90 (d, J = 6.2 Hz, 2H), 7.72 (d, J = 6.1 Hz, 2H), 7.60 (d, J = 6.3 Hz, 1H), 7.43 (d, J = 7.0 Hz, 2H), 7.33
(d, J = 7.0 Hz, 4H), 7.26 (d, J = 7.0 Hz, 2H), 7.16 (d, J = 5.9 Hz, 1H), 6.83 (s, 1H), 6.72 (dd, J = 38.3, 6.7
Hz, 2H), 4.62 (d, J = 1.5 Hz, 1H), 4.48 — 4.18 (m, 3H), 3.30 — 3.24 (m, 2H), 3.06 (dd, J = 13.7, 4.3 Hz,
1H), 3.01 — 2.93 (m, 1H), 2.24 (t, J = 7.5 Hz, 2H).

Resin 1i: Prepared by defmocation of resin 1j.
Analysis of the cleaved compound from the resin 1i.

Ph _NH, LC/MS analysis: MS (ESI) exact mass calcd. for C;oH,4N5O; [M+H]":

ot fm 370.18; found: 370.40, tg = 1.35 min (method 1), purity: 70%.
\[o]/\/ \[o]/\” The derivative 1i was very unstable during purification, therefore its
structure was confirmed only by MS analysis and used directly for next
reaction.

2.3. General Procedure for Preparation of Mesyl Derivatives 1c, 1g and 1k.

Immobilized hydrazine derivatives 1b, 1f, 1j (1 g) were deprotected, washed with 3x12 mL. DMF and
3x12 mL DCM, and then 12 mL of solution of mesyl chloride (0.52 mL; 6 mmol) and pyridine (0.49 mL;
6 mmol) in DCM (12 mL) was added. Slurry was stirred for 3 h at RT. Resin was then washed with 3x12
mL DMF, 3x12 mL DCM.
Analysis of the cleaved compound from the resin 1c.

Ph Crude product: LC/MS analysis: MS (ESI) exact mass calcd. for

~N

H gz CHysNsO;S [M+H]™: 506.16; found: 506.31, tg = 1.83 min
\ﬂ/\/ \ﬂ/\N > (method 1), purity: 80%.

BCH3 Pure product: Yield: 38 mg, 37%. 'H NMR (500 MHz, DMSO-d)

o & ppm 9.15 (s, 1H), 9.03 (s, 1H), 8.64 (d, J = 8.5 Hz, 1H), 8.15 (t, J

= 5.7 Hz, 1H), 7.86 (d, J = 8.4 Hz, 1H), 7.69 (d, J = 1.6 Hz, 1H), 7.34 — 7.30 (m, 3H), 7.24 (dd, J = 14.1,

6.3 Hz, 3H), 7.15 (t, J = 7.3 Hz, 1H), 6.83 (s, 1H), 4.67 — 4.60 (m, 1H), 3.86 (s, 3H), 3.29 — 3.24 (m, 2H),
3.06 (dd, J = 13.7, 4.2 Hz, 1H), 3.01 (s, 3H), 2.97 (dd, J = 13.6, 10.5 Hz, 1H), 2.23 (t, J = 7.4 Hz, 2H),

Analysis of the cleaved compound from the resin 1g.
P Crude product: LC/MS analysis: MS (ESI) exact mass calcd. for
HoN N : . CioHasNgOsS [M+H]": 449.15; found: 449.28, tx = 1.27 min
\(l)l/\/ I.I/\”)U H (method 1), purity: 11%. The compound was not purified and was
N \82 not used for any other reaction.
Analysis of the cleaved compound from the resin 1Kk.

oS Crude product: LC/MS analysis: MS (ESI) exact mass calcd. for
ZNH Cy0H6NsOsS [M+H]": 448.16; found: 448.19, tg = 2.47 min (method 1),

purity: 90%.
YV wﬁ J\©

e
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Pure product: Yield: 35 mg, 39%. 'H NMR (500 MHz, DMSO-d;) 6 ppm 9.13 (s, 1H), 8.55 (d, J = 8.3
Hz, 1H), 8.15 (t, J = 5.6 Hz, 1H), 7.62 (d, J = 8.0 Hz, 1H), 7.33 (dd, J = 15.0, 8.0 Hz, 3H), 7.24 (dd, J =
15.9, 8.1 Hz, 3H), 7.16 (t, J = 7.4 Hz, 1H), 6.83 (s, 1H), 6.78 (t, J = 7.3 Hz, 1H), 4.73 — 4.53 (m, 1H),
3.30 - 3.20 (m, 2H), 3.08 (dd, J = 13.7, 4.2 Hz, 1H), 3.02 — 2.94 (m, 1H), 2.94 (d, J = 9.0 Hz, 3H), 2.24
(t, J = 7.2 Hz, 2H). *C NMR (126 MHz) 6 173, 171, 168, 149, 138, 132, 129, 128, 126, 118, 116, 114,
55,37 (2C), 35 (20).

2.4.General Procedure for Preparation of Acetyl derivatives 1d, 1h and 11.

After the deprotection of Fmoc group from the resine 1b, 1f, 1j (1 g) the slurry was stirred in solution of
acetanhydride (0.57 mL; 6 mmol) and DIEA (1.04 mL; 6 mmol) in DMF (12 mL) for 0.5 h at RT. Then,
resin was washed with 3x12 mL DMF, 3x12 mL DCM.

Analysis of the cleaved compound from the resin 1d.

Ph Crude product: LC/MS analysis: MS (ESI) exact mass calcd. for
~N
HaN H F o H j)\ C,3HosNsOg [M+H]": 470.20; found: 470.15, tg = 1.59 min (method
Y \ﬂ/\H N 1), purity: 68%.
o} o} 8ew,

Pure product: Yield: 42 mg, 42%. 'H NMR (500 MHz, DMSO-d;)

o 3 ppm 9.98 (d, J = 2.1 Hz, 1H), 8.87 (d, J = 1.9 Hz, 1H), 8.66 (d, J
= 8.4 Hz, 1H), 8.15 (t, J = 5.6 Hz, 1H), 7.89 — 7.85 (m, 1H), 7.32 (d, J = 7.4 Hz, 3H), 7.28 — 7.23 (m, 3H),
7.19 — 7.13 (m, 2H), 6.84 (s, 1H), 4.63 — 4.56 (m, 1H), 3.85 (s, 3H), 3.31 — 3.23 (m, 2H), 3.06 (dd, J =
13.6, 4.2 Hz, 1H), 2.96 (dd, J = 13.5, 10.7 Hz, 1H), 2.23 (t, J = 7.2 Hz, 2H), 1.96 (s, 3H). °C NMR (101
MHz) & 173, 171, 169, 167, 166, 151, 140, 139, 131, 129, 128, 126, 116, 112 (2C), 55, 52, 37, 35 (2C),
21.

Analysis of the cleaved compound from the resin 1h.
Crude product: LC/MS analysis: MS (ESI) exact mass calcd. for
. H \ o C20H25N604 [M+H]": 413.13; found: 413.19, tgx = 0.84 min (method
N \[]/\”J\CNK H 1), purity: 83%.
© ° 7 H/NY Pure product: Yield: 39 mg, 44%. '"H NMR (400 MHz, DMSO-d;) &
O  ppm 9.83 (s, 1H), 8.78 (s, 1H), 8.51 (d, J = 3.0 Hz, 1H), 8.43 (d, J =
8.4 Hz, 1H), 8.13 (t, J = 5.6 Hz, 1H), 7.89 (dd, J = 8.8, 2.4 Hz, 1H), 7.38 (s, 1H), 7.33 — 7.30 (m, 2H),
7.25 (d, J =17.3 Hz, 2H), 7.18 — 7.13 (m, 1H), 6.90 (s, 1H), 6.54 (d, J = 8.4 Hz, 1H), 4.67 — 4.59 (m, 1H),
3.29 (dt, J=11.2, 7.1 Hz, 2H), 3.09 (dd, J = 13.6, 4.1 Hz, 1H), 2.94 (dd, J = 13.5, 10.8 Hz, 1H), 2.25 (t, J
=7.4 Hz, 2H), 1.92 (s, 3H). "C NMR (101 MHz) § 173, 172, 170, 166, 162, 149, 139, 137, 130, 129, 127,
121, 106, 55, 38, 36, 35, 21.

Ph

Analysis of the cleaved compound from the resin 11.
OY Crude product: LC/MS analysis: MS (ESI) exact mass calcd. for
< o uNH CyHy6NsO, [M+H]™: 412.13; found: 412.37, tg = 1.53 min, (method 1),

HN N purity: 88%.
Y TIAN)k© Pure product: Yield: 53 mg, 34%. "H NMR (400 MHz, DMSO-dq) 5 ppm
S o H p g, , 6) O pp

9.79 (d, J = 2.7 Hz, 1H), 8.91 (d, J = 2.5 Hz, 1H), 8.52 (d, J = 8.3 Hz,
1H), 8.17 (t, J = 5.7 Hz, 1H), 7.57 (dd, J = 7.9, 1.2 Hz, 1H), 7.34 (d, J = 7.1 Hz, 3H), 7.27 (dd, J = 13.8,
6.4 Hz, 3H), 7.16 (t, J = 7.3 Hz, 1H), 6.78 (dt, J = 15.0, 12.4 Hz, 3H), 4.67 — 4.58 (m, 1H), 3.32 — 3.25
(m, 2H), 3.07 (dd, J = 13.7, 4.3 Hz, 1H), 2.96 (dd, J = 13.7, 10.7 Hz, 1H), 2.24 (t, / = 7.1 Hz, 2H), 1.89
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(s, 3H). C NMR (101 MHz) & 173, 172, 169, 168, 150, 139, 132, 129, 128, 126, 117, 116, 113, 55, 37,
35 (2C), 21.
2.5. General procedure for hydrazine cleavage on solid phase

Solution of 0.2 M TMSOK (0.3 g, 2 mmol) in THF (10 mL) was added to the immobilized hydrazine 1a-1
(1 g) which had been swelled in DCM. Slurry was stirred for 0.5 h at RT. Resin was then washed with
3x12 mL DMF, 3x12 mL DCM. Yields are summarized in the following table:

Table 1: Synthesis of derivative 2 via dehydrazination of compounds 1.

R! TMSOK (0.2 M)
HN-NH —————— R™H
=2 THF
1 RT, 30 min
1 R! R? 2 Yield of 2 (%)

1a o -H 2a 20**
1b i i;cozlvle -Fmoc 2a -
1c @-B-Ala-Phe—NH -Ms 2a 16
1d -COMe 2a 197
le o —N -H 2e 3
lf _F 2 sk
1h -COMe 2e 54
1i -H 2i 58
1j o =X 2 -Fmoc 2i o
lk —MS 2i 17
1 Q-6-Aia-Phe—nH .COMe  2i 57

Yield determined by "H NMR spectroscopy after HPLC purification.
W‘Produlct was isolated as carboxylic acid.
“Product was not observed.
“""Reaction was not studied because the preparation of product 1g proceeded with very low purity.

Analysis of the cleaved compound from the resin 2a.
Py Crude product: LC/MS analysis: MS (ESI) exact mass calcd. for
H,N N Co0H»N305 [M+H]": 384.15; found: 384.34, tg = 2.47 min (method 2).
jol/\/ WO]/\HJ\Q\ Pure product: '"H NMR (500 MHz, DMSO-ds) & ppm 8.65 (d, J = 8.4
COOH  Hz, 1H), 8.18 (t, J = 5.6 Hz, 1H), 7.91 (d, J = 8.1 Hz, 2H), 7.79 (d, J =
8.3 Hz, 2H), 7.37 — 7.31 (m, 3H), 7.24 (t, J = 7.6 Hz, 2H), 7.15 (tt, J = 10, 2 Hz, 1H), 6.83 (s, 1H), 4.68 —
4.63 (m, 1H), 3.30 — 3.24 (m, 2H), 3.08 (dd, J = 13.7, 4.3 Hz, 1H), 2.98 (dd, J = 13.6, 10.6 Hz, 1H), 2.54

(s, 1H), 2.24 (J = 7.4 Hz, 2H).”C NMR (126 MHz) § 173, 172, 171, 166, 139, 136, 129 (2C) , 128, 127,
126, 55, 35 (2C), 21.

Analysis of the cleaved compound from the resin 2e.
Ph_ Crude product: LC/MS analysis: MS (ESI) exact mass calcd. for C;gH,N,O;

Hox @ + :
HoN N, q [M+H]": 341.15; found: 341.34, tg = 2.47 min (method 1).
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Pure product: "H NMR (500 MHz, DMSO-d) & ppm 8.92 (d, J = 2.2 Hz, 1H), 8.81 (d, J = 8.5 Hz, 1H),
8.68 (dd, J = 4.8, 1.7 Hz, 1H), 8.16 (t, J = 5.7 Hz, 1H), 8.10 (dt, J = 4, 2 Hz, 1H), 7.49 — 7.45 (m, 1H),
7.33(d, J =7 Hz, 3H), 7.25 (t, J = 10.4 Hz, 2H), 7.18 — 7.13 (m, 1H), 6.84 (s, 1H), 4.70 — 4.63 (m, 1H),
3.31 — 3.24 (m, 2H), 3.11 (dd, J = 13.7, 4.2 Hz, 1H), 2.94 (dd, J = 13.7, 10.8 Hz, 1H), 2.24 (td, J = 7.3,
1.4 Hz, 2H).*C NMR (126 MHz) & 173, 171, 165, 152, 149, 138, 135, 130, 129, 128, 126, 123, 55, 37,
35(20).

Analysis of the cleaved compound from the resin 2i.
Crude product: LC/MS analysis: MS (ESI) exact mass calcd. for C;9gH,,N30;
[M+H]": 340.13; found: 340.34, tg = 2.47 min (method 1).
T(\/ W(\ )K© Pure product: '"H NMR (500 MHz, DMSO-d;) & ppm 8.53 (d, J = 8.4 Hz, 1H),
8.11 (t,J=5.7Hz, 1H), 7.78 (d, /= 7.0 Hz, 2H), 7.50 (t, J = 7.9 Hz, 1H), 7.43
(t, J =7.5 Hz, 2H), 7.32 (d, J = 7.2 Hz, 3H), 7.24 (t, J = 7.6 Hz, 2H), 7.15 (t, J = 7.3 Hz, 1H), 6.84 (s,
1H), 4.68 — 4.62 (m, 1H), 3.30 — 3.24 (m, 2H), 3.08 (dd, J = 13.7, 4.2 Hz, 1H), 2.97 (dd, J = 13.7, 10.7
Hz, 1H), 2.23 (td, J = 7.3, 1.4 Hz, 2H).”C NMR (126 MHz) & 172, 171, 166, 138, 134, 131, 129, 128
(20), 127, 126, 55, 37, 35 (2C).

3. Reactions in solution
3.1.Preparation of hydrazines in solution

Hydrazines 3a-3c and 3e — 3i are commercially available.
2-tolyl hydrazine hydrochloride 3d
H The compound was prepared according to the published procedure’.

©/\N "NH2.HC - Yield: 1.0 g; 63% of light brown powder. LC/MS analysis: MS (ESI) exact mass calcd.
for C;H;N, [M+H]": 123.06; found: 123.36, tz = 1.53 min (method 1), purity: 99%.

Methyl-3-hydrazinyl-S-phenylthiophene-2-carboxylate hydrochloride 3j

o The compound was prepared according to the published procedure?.
N Yield: 0.71 g; 58% of white powder. LC/MS analysis: MS (ESI) exact mass calcd.
S\\ NH for C;,H13N,0,S [M+H]": 249.06; found: 249.26, tz = 2.93 min (method 1), purity:
NH.HCl 869

2-hydrazinyl-9H-purin 6-amine 3k
NH, The compound was prepared according to the published procedure’.
NTSN Yield: 1.27 g; 65% of white powder. LC/MS analysis: MS (ESI) exact mass calcd. for
HZN‘N)I\N/ ”> CsHgN; [M+H]": 166.08; found: 166.18, tz = 0.38 min (method 1), purity: 99%.
H
2-chloro-6-hydrazinyl pyridine 31
N The compound was prepared according to the published procedure”.
o | NP NH2 Yield: 1.57 g; 80% of white powder. LC/MS analysis: MS (ESI) exact mass calcd. for
H CsH,CIN; [M+H]": 144.03; found: 144.57, tz = 1.28 min (method 1), purity: 95%.
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2-hydrazinyl benzoic acid 5a

COOH, The compound was prepared according to the published procedure®. Yield: 1.39 g; 90%
N\NHz.HC| of white powder. LC/MS analysis: MS (ESI) exact mass calcd. for C;HoN,O, [M+H]":

153.06; found: 153.36, tg = 0.41 min (method 2), purity: 99%.

3-hydrazinyl benzoic acid 5b

COOH The compound was prepared according to the published procedure’.
Yield: 1.7 g; 90% of white powder. LC/MS analysis: MS (ESI) exact mass calcd. for
C;HoN,0, [M+H]": 153.06; found: 153.16, tz = 0.57 min (method 2), purity: 95%.

$08 244

NH
NH,.HCl

4-hydrazinyl benzoic acid 5c

COOH The compound was prepared according to the published procedure’.
Yield: 1.8 g; 92% of light yellow powder. LC/MS analysis: MS (ESI) exact mass calcd. for
C;HoN,0, [M+H]": 153.06; found: 153.16, tzg = 0.57 min (method 2), purity: 99%.

2V

“NH,.HCI

3-hydrazinyl-4-(methoxycarbonyl)benzoic acid 5d
COOH The compound was prepared according to the published procedure’.
Yield: 2.1 g; 84% of light yellow powder. LC/MS analysis: MS (ESI) exact mass calcd.
NHpHel  for CoH 1N,O4 [M+H]": 210.06; found: 211.20, tg = 0.94 min (method 2), purity: 99%.

32

cootte
6-hydrazinyl nicotinic acid Se
H The compound was prepared according to the published procedure’.
| Noe™NNm,  Yield: 1.25 g; 82% of light grey powder. LC/MS analysis: MS (ESI) exact mass
HOOC™ & caled. for C¢HgN;O, [M+H]": 154.05; found: 154.16 tx = 0.51 min (method 2),

purity: 91%.

4-hydrazinyl phenylacetic acid 5f
H The compound was prepared according to the published procedure”.
Nonmpmor  Yield: 1.38 g5 89% of light brown powder. LC/MS analysis: MS (ESI) exact mass
caled. for CgH;1N,O, [M+H]": 167.08; found: 167.30, tx = 0.36 min (method 2),
COOH purity: 98%.

4-hydrazinyl sulphanilic acid 5g
H The compound was prepared according to the published procedure”.
/©/N\NH2_HC| Yield: 1.19 g; 92% of light yellow powder. LC/MS analysis: MS (ESI) exact mass
HO4S caled. for C¢gHoN,O5S [M+H]": 189.03; found:189.05, tg = 0.47 min (method 2)
purity: 91%.

2-hydrazinyl adenosine Sh
N, The compound was prepared according to the published procedure®.

NJTN\> Yield: 1.58 g; 80% of light yellow powder. LC/MS analysis: MS (ESI) exact mass calcd.
NN for CoH 1sN;O4 [M+H]": 298.12; found:298.24, tg = 2.49 min (method 2) purity: 98%.
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3.2. General procedure for hydrazines cleavage in solution

A/ Cleavage of compounds insoluble in water

Solution of 0.15 M TMSOK (0.02 g, 0.15 mmol) in d-DMF (1 mL) was added to the hydrazines 3a-1
(0.02 g). Slurry was stirred for 9 h at RT. Final solution was then analyzed by "H NMR. The NMR spectra
of crude compounds are placed in chapter 9. The yields are summarized in the following table:

Table 2: Hydrazine cleavage in solution with corresponding yields in d-DMF.

R TMSOK (0.15 M)
HN-NH, —— ———— R-H
d,-DMF
3 RT, 9h 4

@Q@@( O

e

Nea @r o, tm

ISR 1&)\ ‘Sé
MeOOC o~
g h i j k |

Compound 3 Product 4 Yield of 4 (%)* Yield of 4 at 70 °C for 48 h (%)*
3a 4a 99 -

3b 4b 95 _

3c 4b 35 70

3d 4b SM 51

3e 4e 89 -

3f 4f 81 -

32 4g 55 -

3h dg 85 _

3i 4g 90 R

3j 4j 69 -

3k 4k insoluble 50

31 41 42 97

“Yield determined by 'TH NMR spectroscopy.

'H NMR data of all final products (4a’, 4b®, 4¢°, 4f"°, 4g”, 4j12, 4k"” 41" are in accordance with
published data.

B/ Cleavage of compounds soluble in water

Solution of 0.15 M TMSOK (0.02 g, 0.15 mmol) in water (1 mL) was added to the hydrazine 5a-h and 3k
(0.02 g). Slurry was stirred for 48 h at RT. Final solution was lyophilized to dryness, residue was
dissolved in deuterium oxide and analyzed by 'H NMR. The NMR spectra of crude compounds are
placed in chapter 9.
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'H NMR data of all final products (6a”, 6d'°, 6e"’, 6f'*, 6g",6h*, 4k") are in accordance with published

data

Table 3: Hydrazine cleavage in solution with corresponding yields in D,0.

R TMSOK (0.15 M) R-H
HN-NH, HCI ———————> -
water
RT, 48h
5
R COOH COOH COOH COOH
b >
e COOMe
a b c d
COOH
COOH SOzH NH,
[ N
_N

N
@ E_A?Q
A Annn HOw

HO OH
e f [¢] h
Entry | Compound 5 Product 6 Yield of 6a-h Yield of 6(R) at 70 °C for 48 h
(%)* (%)*

1 Sa 6a 99 -

2 5b 6a 64 -

3 5¢ 6a 77 -

4 5d 6d 81 -

5 Se 6e 71 -

6 5f 6f 90 -

7 5g 6g 08 R

8 5h 6h 40 89

9 3k 4k 49 45

"Yield determined by '"H NMR spectroscopy.
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Product released from the resin 1k
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Product released from the resin 1d
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Product released from the resin 2a
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Product released from the resin 2b
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Product released from the resin 2c
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4.2.NMR spectra of crude products of hydrazine cleavage in solution
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4b prepared from from 3b
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4b prepared from 3¢ under heating
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4b prepared from 3d under heating
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4g prepared from 3g
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4g prepared from 3h
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4Kk prepared from 3k in d7-DMF under heating
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41 prepared from 31 under heating
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6a prepared from 5b
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5. Seznam zKkratek

3-HQs
AcOH
Fmoc
NMP
PPA
rt
TFA
THF

TMSOK

3-hydroxychinolin-4(1H)-on
octova kyselina
9-Fluorenylmethoxycarbonyl
N-methylpyrolidon
polyfosfore¢na kyselina
laboratorni teplota
trifluoroctova kyselina
tetrahydrofuran

trimethylsilanolat draselny
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