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MOAUPUKALIUU 7-TMOPOKCU-3-(5-OEHWUIT-1,3,4-TUAOUA3OI-2-UNT)-6-3TUITIXPOMOHA

lpoeedeHa modudgpukayusi 7-2udpokcu-3-(5-¢penun-1,3,4-muaduazon-2-un)-6-amunxpomMoHa kap6okcunbHol yHKyuel nymemM ankunupoea-
Husi aghupamu 2ano2eHyKCYCHbIX KUCJIOm € nocsiedyrowuM 2udposiu3oM U ucciedosaHa mpaHcghopmayusi nosyyeHHol kuciomsi nod delicmeuem
2udpokKcusaMuHa e 2-[2-aMuHo-6-amus-4-okco-3-(5-¢gpeHun-1,3,4-muadua3on-2-usn)-4H-7-xpoMeHUTOKCU]yKCyCHYO Kucsiomy.
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MODIFICATIONS OF 7-HYDROXY-3-(5-PHENYL-1,3,4-THIADIAZOL -2-YL)-6-ETHYLCHROMONE

To expand the range of 3-(1,3,4-thiadiazol-2-yl)chromones’ polyfunctionality by introducing carboxyl and amino functions the modificaton of 7-
hydroxy-3-(5-phenyl-1,3,4-thiadiazol-2-yl)-6-ethylchromone was carried out. Alkylation of the latter with methyl 2-bromacetate or ethyl 2-
chloracetate in dimethyl formamide in the presence of potassium carbonate resulted in methyl or ethyl 2-[6-ethyl-4-oxo-3-(5-phenyl-1,3,4-thiadiazol-
2-yl)-4H-7-chromenyloxy]acetates. The following hydrolysis of the esters in the mixture of acetic and sulfuric acids led to 2-[6-ethyl-4-oxo-3-(5-
phenyl-1,3,4-thiadiazol-2-yl)-4H-7-chromenyloxy]acetic acid. The transformation of the resulting acid under action of hydroxylamine hydrochloride
was investigated. The action of hydroxylamine hydrochloride in pyridine on 2-[6-ethyl-4-oxo-3-(5-phenyl-1,3,4-thiadiazol-2-yl)-4H-7-
chromenyloxy]acetic acid adduced to opening of y-pyrone cycle and subsequent cyclization of intermediates into isoxazole derivatives, which un-
dergo further ring opening followed by intramolecular reaction of nitrile and hydroxyl groups to form 2-[2-amino-6-ethyl-4-oxo-3-(5-phenyl-1,3,4-
thiadiazol-2-yl)-4H-7-chromenyloxy]acetic acid. These transformations allowed to introduce carboxyl and amino functions into 3-(1,3,4-thiadiazol-
2-yl)chromones, which in turn makes them available for use and allows to extend the spectrum of their application.

Keywords: 7-hydroxy-3-thiadiazolylchromones, alkylation, recyclization, 2-aminochromone.
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SYNTHESIS OF NEW CHIRAL a-AMINO ACID
DERIVED 3,5-DISUBSTITUTED 1,2,4-TRIAZOLES

An enantio pure pyrazine-linked 3,5-disubstituted 1,2,4-triazoles, an amide bond isosteres, were synthesized by ring closure of acy-
lated with L-a-amino acid residues N-acylamidrazone precursors. Pyrrolidine ring opening of methyl esters of (2S)-2-(imino-oxo-dihydro-
6H-pyrrolo[3,4-b] (hetero)aryl)alkanoic acid bearing amino acid moiety at endo-N atom of pyrrolidine ring with Boc-protected L-Phe
amino acid hydrazide was firstly shown to provide a new convenient method for preparing pyridine or pyrazine derived
N-acylamidrazone intermediates in good yields. No cyclic pyrrolopyridines(pyrazines) derivatives as a result of exo-imine group substi-
tution were found as final compounds. Pyrazine-linked 1,24-triazoles were successfully synthesized by thermal cyclization
of N-acylamidrazone derivatives using microwave-assisted irradiation. However, pyridine-containing 1,2,4-triazoles of this type are not
available from corresponding N-acylamidrazones probably due to their high thermo and solvent sensibility. Under reaction conditions
they underwent decomposition followed by intramolecular cyclization giving rise starting pyrrolopyridines. (Z)/E) isomerism
of N-acylamidrazone intermediates was studied by means of NMR spectroscopy and quantum chemical calculations. It was found to be
dependent on the heterocycle type. A NOE experiment for phenylalanine substituted pyridine-based N-acylamidrazone demonstrated
the occurrence of Z and E rotamers due to amide-type isomerism. Theoretical calculations (B3LYP DFT with the standard 6-31G(d,p)
basis set) on N-acylamidrazone isomers indicated amide bond isomerism for pyridine-linked N-acylamidrazones and C=N bond isomer-
ism for pyrazine-linked analogues.

Keywords: azines, triazole, microwave irradiation, amide isomerism, computational study.

Introduction. The 1,2,4-triazole scaffold displays a
wide range of biological activities and can be used as am-
ide bond replacement (isosteres) that has been widely
used in peptide mimicry [1-3]. This ring system can act as
both hydrogen bond acceptor and donor, which make it
useful in establishing intermolecular features in interactions
between peptide ligands and receptors. Thus, various
1,2,4-triazoles containing chiral a-amino acids have been
designed and synthesized. L-Tryptophane bearing 1,2,4-
triazoles have been reported as ghrelin receptor (GHS-
R1a) ligands [4], lysine derivatives exhibit histone deacety-
lase (HDAC) inhibitor activity [5] with high metabolic stabil-

ity and dipeptido-1,2,4-triazole derivatives with a high level
of central nervous system (CNS) activity [6].

N-acylamidrazones substrates could be used as com-
mon intermediates to synthesize 1,2,4-triazoles [7]. We
proposed the approach including the pyrrolidine ring open-
ing with Boc-L-amino acid hydrazides in order to obtain N-
acylamidrazones. This would be followed by an in-
tramolecular condensation of the latter and formation of
3,5-disubstituted 1,2,4-triazoles (Scheme 1).

Herein, we describe the attempted synthesis of 1,2,4-
triazole derived peptidomimetics including structural and
computational study of N-acylamidrazone precursors.

© Ovdiichuk O., Hordiyenko O., Arrault A., Averlant-Petit M.-C., 2016
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Scheme 1. The proposed route to a-amino aCId derived 1,2,4-triazoles

Results and discussion. The application of pyr-
rolopyridines(pyrazines) 1,1'(a,b) as precursors was cho-
sen for the synthesis of N-acylamidrazones and further
construction of amino acid derived 1,2,4-triazoles. First,
Boc-protected phenylalanine hydrazide was synthesized
from phenylalanine methyl ester starting with NH, protec-
tion using Di-tert-butyl dicarbonate followed by treatment
with hydrazine monohydrate giving rise the corresponding
precursor in quantitative yield (Scheme 2). Second, the
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preparation of N-acylamidrazones was performed by the
reaction of 1,1'(a,b) with Boc-Phe-NHNH; in MeOH at
room temperature (Scheme 2). No cyclic pyrrolopyridi-
nes(pyrazines) derivatives 2" the formation of which could
be expected according to a previously reported condensa-
tion of the 1-imino-1H-isoindol-3-amine and its pyrazine
analogue with amino acid hydrazides that afforded 1H-
isoindole- and 5H-pyrrolo[3,4-b]pyrazine-based peptidomi-
metics [8,9] were found.

CO,Me
NHBoc
R Yield, %
Me 2a 82
(a,b) Bn 2b 97
Me 2'a 50
Bn 2'b 82
COzMe
NHBoc

Scheme 2. Synthesis of the N-acylamidrazone derivatives 2,2'(a,b)

The formation of acylamidrazones 2,2' proceeded via
pyrrolidine ring opening by amino acid hydrazide, and af-
forded products 2a,b and 2'b in very good yields as ana-
lytically pure powders. However, we did not succeed to
increase the yield of acylamidrazone 2'a above 50%.
Comparison of the reactivity of our starting material and
known previously described acylamidrazone precursors
towards the corresponding hydrazide nucleophiles allowed
us to compare them with highly reactive epoxy imidates,
the precursors of epoxy acylamidrazones [10]. Therefore,
we have found a new approach towards a straightforward
and mild synthesis of N-acylamidrazones.

The presence of two sets of signals in the 'H and "C
NMR spectra of the products in DMSO-ds and duplication
of signals in IR spectra demonstrated the existence of
(2)/(E) isomerism.

Following literature analogies, the cyclization of
N-acylamidrazones 2,2'(a,b) into the corresponding

X
; P
N
COZMe
[ Jv\t ){(NHBoc
i) toluene, 110 °C [
10,10° (a,b) ii) CHCN, HOAC (2%)

110 °C, 20 min, 150 W

1,2,4-triazoles was probed in different solvents (toluene,
CH3CN, THF, 1,4-dioxane, MeOH, DMF) at elevated tem-
peratures (60—-150 °C). However, we were able to convert
only the pyrazine-based acylamidrazones 2'(a,b) while in
the case of the pyridine counterparts the reaction led to
the pyrrolopyridines 1a,b and conversion into the target
1,2,4-triazoles did not exceed 10% under any of the
tested conditions (Scheme 3). The conventional cycliza-
tion of acylamidrazones 2'a,b in toluene at 110 °C for 18
h furnished triazoles 3'a,b in 45 and 64% yield, respec-
tively. Alternatively, microwave assisted reaction of 2'a,b
and cat. HOAc in CH3CN offered several advantages:
reduced reaction time up to 20 min and increased yields
up to 87% (Scheme 3).

The formation of pyrrolopyridines 1a,b was suggested to
be a result of termal decomposition followed by further in-
tramolecular cyclization giving a pyrrolidine ring (Scheme 4).

O R
NHJ\COZMe
N NHBoc
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- Ph
HN=N X R yield(i), yield(ii),
11 (a,b) % %
CH Me 3a - -
R CH Bn 3b - -
Me 3'a 45 85
NH COZMe .
NABoc N Bn 3b 64 87
HN\N Ph
11' (a,b)

Scheme 3. Synthesis of the target amino acid-derived 1,2,4-triazoles
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Scheme 4. Suggested mechanism of intramolecular cyclization for pyridine-based compounds 2

Structural and studies of
acylamldrazones 2 2'

In the "H and "*C NMR spectra of acylamidrazone de-
rivatives 2,2', two sets of signals are observed in DMSO-ds
for most of the protons and carbons. This indicates that

compounds exist as a mixture of Z and E isomers. Our
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literature survey has revealed that acylamidrazones can
display amide hydrazone (A) hydrazide imide (B)
tautomerism because of C=N bond or they can exist as Z
and E isomers due to C=N or amide bond isomerism
(Fig. 1) [11-13]. From these observations the problem of
resonance assignment has become apparent.

R
COzMe

R

CO,Me COzMe

(E)
O%\'\\ Bn Bnﬁ/&O

NHBoc

NHBoc
v

Fig. 1. Possible isomerism of N-acylamidrazones 2,2'

Two sets of signals were observed in the 'H NMR spectra
for most of the protons of compounds 2,2" indicating the pres-
ence of only two forms. We abandon plausible tautomeric
forms A and B as two singlets due to observation of NH; sig-
nals in the '"H NMR spectra corresponding to each isomer. A
NOESY experiment was performed for assignment of two
populations. A NOE effect between the NH-N= and the NH,
protons of compound 2b was observed for each conformation
and supported the occurrence of Z and E rotamers due to
amide-type isomerism (Fig. 2).

Bn Bn
COzMe COgMe
Bn/,, NHBoc
Z NHBoc 9N
NH2 NHz
NOE NOE

Fig. 2. NOE effects in a mixture
of Z and E amide isomers of 2b

However, the NH-N= protons in the rest of the series
(2a, 2'a, 2'b) appeared with the same chemical shifts, thus
we were unable to prove amide isomerism for these com-
pounds. Moreover, no correlations were found in NOESY
spectra that could help to assign proton signals to either Z
or E isomers. In order to find the most stable structures,
calculations were performed on all conformers of com-
pounds and the results are listed in Table 1.

It was found that isomeric forms | and Il corresponding
to Z/E amide isomers, have the lowest energies for pyridine
derivatives 2a,b, therefore are the most stable in vacuo
according to the calculations which is in agreement with
experimental data for compound 2b. However, pyrazine
counterparts 2'a and 2'b showed Z/E isomerism around
C=N bond, as it follows from the lowest energies values for
conformers Il and lll (Table 1). In accord with previous cal-
culations, the E amide isomer has the lowest energy in all
series. The obtained energy differences (AE) between |
and Il for 2a,b and Il and lll for 2'a,b were in the range
2.49-4 91 kcal/mol and depended mainly on the heterocy-
cle (higher for pyridine derivatives 2a,b and lower for
pyrazine derivatives 2'a,b).

Table 1
Absolute and relative energies (in atomic units and kcal/mol, respectively) for isomers
of N-acylamidrazones calculated at B3LYP level of theory using 6-31G(d,p) basis set
R X E [a.u.] Ey[a.u] Ew[a.u] Ew [a.u.] AE [kcal/mol]
Me CH 2a -1751.286540 -1751.294366 -1751.280429 -1751.277908 4.91
Bn CH 2b -1982.258785 -1982.265883 -1982.256207 -1982.252817 4.45
Me N 2'a -1767.328071 -1767.335808 -1767.331841 -1767.326273 2.49
Bn N 2'b -1998.299683 -1998.306963 -1998.300874 -1998.298101 3.82

Note: Energies include both

electronic and thermal energies. Geometries were obtained by energy minimization at the stated level of
theory. AE was calculated as a difference between energies of the most stable configurations (highlighted values).
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We have also attempted to determine isomeric ratio of
compounds in DMSO-ds and to test the effect of solvent polar-
ity (Table 4). Surprisingly, a partial decomposition of the pyri-
dine derivatives 2a,b occurred after adding CDClz (Table 2,
Scheme 4). The proton signals of the pyrrolopyridines 1a,b
appears in a mixture DMSO-d¢/CDCIl3; and becomes predomi-
nant with increasing the ratio up to 1:3. The instant formation
of 1a,b was also detected by LCMS analysis.

Table 2
Influence of solvent polarity on the E/Z
isomeric ratio of compounds 2,2’

DMSO-ds/CDCl; 1:0 [ 1:1 [ 1:3

E/Z ratio
2a 1/0.63 = >
2b 1/0.56 - -

Z/E ratio
2'a 1/0.70 1/0.66 1/0.50
2'b 1/0.67 1/0.69 1/0.55

Mixture containing 2a and 1a (~45%); "Mixture containing 2a
and 1a (~65%); “Mixture containing 2b and 1b (~35%); *Mixture
containing 2b and 1b (~55%).

We proposed the route suggested for termal
decomposition of 2a,b which depicted in Scheme 4. Such
an effect is negligible (<5%) in case of the pyrazine
analogues 2' and the proportion of Z conformer decreasing
with increasing solvent polarity. From these results, it is
clear that in polar solvent like DMSO-ds all compounds are
stabilized by hydrogen bonding with solvent molecules. We
suggested hydrogen bonding between NH-amide and
nitrogen of the pyrazine ring that can stabilize the pyrazine
derivatives in non hydrogen bonding solvents, precluding
intramolecular cyclization into the precursors 1'.

Conclusions. A new straightforward and mild synthe-
sis of amino acid derived N-acylamidrazones via pyrrolidine
ring opening by hydrazide of amino acid was identified. The
(Z2)/(E) isomerism was found to be dependent on the het-
erocycle type, and was studied by NMR spectroscopy and
quantum chemical calculations. Althought, pyrazine-based
N-acylamidrazones studied appeared the effective precur-
sors for microwave-assisted cyclodehydration into the cor-
responding chiral a-amino acid-derived 1,2,4-triazoles, we
were not able to obtain pyridine-linked 1,2,4-triazoles due
to high thermo and solvent sensibility.

Experimental part. Microwave-assisted reactions were
performed using CEM Focused Microwave ™ Synthesis Sys-
tem, Model Discover, in a septa capped 10 mL reaction ves-
sels with stirring. Melting points were measured on a Buchi
M-560 Melting Point apparatus. IR spectra were recorded
with a Bruker Alpha Platinum ATR Spectrometer. NMR spec-
tra were measured with a Bruker Avance 300 (300 MHz for H
and 75 MHz for *C) with TMS as standard.

Synthesis of Compounds 2,2'(a,b); General Procedure:

Methanolic (25 mL) suspension of the methyl ester of a
(2S)-2-(imino-oxo-dihydro-6H-pyrrolo[3,4-b]  (hetero)aryl)-
alkanoic acid 1, 1' (1 mmol) and Boc-(S)Phe-NHNH:
(1.1 mmol) was stirred overnight at r.t. Then, the precipitate
was filtered off, washed with cold methanol (10 mL) and
dried in vacuo.

Methyl  (2S)-2-[({2-[amino((Z)-2-{(2S)-2-[(tert-butoxy-
carbonyl)amino]-3-phenylpropanoyl}hydrazono)methyl]pyri-
din-3-yl}carbonyl)amino]propanoate (2a)

White solid; yield: 0.420 g (82%); mp 188-189 °C. IR:
Vmax = 3435, 3318, 3062, 3027, 2982, 1738, 1688, 1660,
1634, 1590, 1526, 1455, 1390, 1294, 645 cm™. 'H NMR
(300 MHz, DMSO-de): 6 = 9.86 and 9.75 (2xs, 1H, NH-N=),
8.77 and 8.54 (2xd, J = 6.0, 7.0 Hz, 1H, NH), 8.68 — 8.59
(m, 1H, Has), 7.87 and 7.78 (dd, J = 7.7, 1.5 Hz, 1H, Ha/),
7.57 and 7.54 (2xdd, J = 7.8, 4.9 Hz, 1H, Ha/), 7.33 - 7.08
(m, 5H, 5xHp/), 7.01 and 6.21 (2xd, J = 8.4 Hz, 1H,

NHBoc), 6.58 and 6.53 (2xs, 2H, NHy), 4.90 — 4.78 and
4.30 — 4.19 (2xm, 1H, CHNHBoc), 4.69 — 4.59 and 4.59 —
4.48 (2xm, 1H, CHCHj3), 3.63 and 3.60 (2xs, 3H, OCHj3),
2.99 — 2.70 (m, 2H, CHp), 1.38 — 1.17 (m, 12H, (CH3)3 and
CHs). ®C NMR (75 MHz, DMSO-ds): & = 173.4 (172.0),
167.6, 167.3, 167.1, 155.3 (154.8), 148.5 (148.7), 148.5
(149.5), 147.3 (144.1), 138.1 (137.8), 136.8 (136.6), 132.0,
129.2 (129.5), 128.0 (127.8), 126.2 (126.0), 123.8 (123.7),
779 (77.8), 54.9 (52.3), 51.7 (51.8), 48.3 (47.9), 37.8
(36.2), 28.1, 16.7 (16.7).

Methyl  (2S)-2-[({2-[amino((Z)-2-{(2S)-2-[(tert-butoxy-
carbonyl)amino]-3-phenylpropanoyl}hydrazono)methyl]pyri-
din-3-yl}carbonyl)amino]-3-phenylpropanoate (2b)

White solid; yield: 0.570 g (97%); mp 183-185 °C. IR:
Vmax = 3449, 3320, 3063, 3024, 2971, 2930, 1737, 1690,
1662, 1631, 1563, 1524, 1454, 1392, 1267, 1250, 1201,
699, 651 cm™. '"H NMR (300 MHz, DMSO-dj): & = 9.91 and
9.87 (2xs, 1H, NH-N=), 9.03 (d, J = 6.6 Hz, 1H, NH), 8.67 —
8.58 (m, 1H, Ha/), 7.74 and 7.66 (2xd, J = 6.6, 7.5 Hz, 1H,
Har), 7.56 — 7.46 (m, 1H, Ha/), 7.33 — 7.08 (m, 10H,
10%Hp), 7.00 and 6.11 (2xd, J = 8.5 Hz, 1H, NHBoc), 6.62
and 6.55 (2xs, 2H, NH,), 4.85 — 4.68 (m, 1H, CH), 4.79 —
4.68 and 4.32 — 4.28 (2,xm, 1H, CH), 3.52 and 3.45 (2xs,
3H, OCHj3), 3.20 — 2.71 (m, 4H, 2xCH,), 1.30 and 1.27
(2xs, 9H, (CHs)3). *C NMR (75 MHz, DMSO-de): & = 171.9
(171.8), 167.5, 167.3, 167.0, 155.2 (154.7), 149.1, 148.7,
148.0, 144.3, 138.1 (137.8), 137.4 (136.9), 137.1 (136.6),
131.7, 129.6, 129.2, 128.1, 128.0, 127.7, 126.4, 126.2,
126.2, 125.9, 123.8 (123.7), 77.9 (77.7), 54.5 (54.7), 53.8
(52.4), 51.4, 37.9 (37.1), 36.7 (36.1), 28.0.

Methyl (2S)-2-[({3-[amino((Z)-2-{(2S)-2-[(tert-butoxy-
carbonyl)amino]-3-phenylpropanoyl}hydrazono)methyllpy-
razin-2-yl}carbonyl)aminojpropanoate (2'a)

White solid; yield: 0.257 g (50%); mp 191-192 °C. IR:
Vmax = 3440, 3319, 3066, 2982, 2931, 1737, 1687, 1666,
1635, 1596, 1543, 1525, 1453, 1295, 1165, 648 cm™. 'H
NMR (300 MHz, DMSO-ds): 6 = 9.91 and 9.80 (2xs, 1H,
NH-N=), 8.86 — 8.65 (m, 3H, Har and NH), 7.35 — 7.08 (m,
5H, 5xHac), 7.03 and 6.38 (2xd, J = 8.0 Hz, 1H, NHBoc), 6.61
(s, 2H, NH,), 4.88 — 4.75 and 4.32 — 4.16 (2xm, 1H,
CHNHBoc), 4.68 — 4.52 (m, 1H, CHCHj3), 3.64 and 3.57 (2xs,
3H, OCHj3), 2.99 — 2.61 (m, 2H, CH>), 1.39 — 1.20 (m, 12H,
(CHa)s and CHs). "*C NMR (75 MHz, DMSO-de): & = 173.2,
172.9, 172.3, 167.3, 165.4, 164.9, 155.3 (154.9), 148.3, 147.3,
146.6, 1456, 145.0, 143.2 (143.8), 143.8 (143.0), 138.1,
129.2 (129.4), 128.0 (127.8), 126.2 (125.9), 77.9 (77.7), 54.8
(52.5), 51.7, 48.1 (47.7), 37.8 (36.2), 28.1, 16.9.

Methyl (2S)-2-[({3-[amino((Z)-2-{(2S)-2-[(tert-butoxy-
carbonyl)amino]-3-phenylpropanoyl}hydrazono)methyllpy-
razin-2-yl}carbonyl)amino]-3-phenylpropanoate (2'b)

White solid; yield: 0.483 g (82%); mp 171-174 °C. IR:
Vmax = 3488, 3432, 3320, 3062, 3028, 2980, 1747, 1687,
1664, 1634, 1601, 1538, 1519, 1449, 1385, 1163, 698 cm"
' "H NMR (300 MHz, DMSO-ds): & = 9.93 and 9.32 (2xs,
1H, NH-N=), 8.83 — 8.71 (m, 2H, Har and 0.4H, NH), 8.69
(d, J = 2.3 Hz, 0.6H, NH), 7.34 — 7.08 (m, 10H, 10xHa),
7.02 and 6.32 (d, J = 8.4 Hz, 1H, NHBoc), 6.63 (s, 2H,
NH2), 4.79 (dd, J = 13.2, 6.3 Hz, 1H, CH), 4.82 — 4.74 and
4.35 - 4.22 (2xm, 1H, CHNHBoc), 3.52 and 3.44 (2xs, 3H,
OCHg), 3.25 — 2.63 (m, 4H, 2xCHy), 1.28 and 1.26 (2xs,
9H, (CHa)s). *C NMR (75 MHz, DMSO-de): & = 172.1,
171.7, 171.3, 167.3, 165.3, 164.6, 155.3 (154.9), 147.7,
146.5, 146.1, 145.3, 144.1, 143.6, 143.5, 143.1, 138.1
(138.2), 137.1 (136.6), 129.4, 129.2, 128.1, 128.0, 127.7,
126.5, 126.3, 126.2, 125.9, 77.9 (77.7), 54.3 (54.7), 53.6
(52.6), 51.45 (51.6), 37.9, 36.8, 36.1, 28.0.

Synthesis of Compounds 3'a,b; General Procedure:

A 5 mL CEM microwave process vessel was charged with
2' (a,b; 0.2 mmol) in CH3CN (5 mL) with addition of cat. HOAc
(2%) and the vessel was capped. The mixture was stirred and
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heated under microwave conditions (150 W) at 110 °C for 20
min. The solution was then concentrated under vacuo and
purified by NP-HPLC with a gradient of MeOH (1-5% v/v) in
CHCIs to yield 1,2,4-triazoles 3'a,b.

Methyl (2S)-2-({[3-(5-{(1S)-1-[(tert-butoxycarbonyl)ami-
noj-2-phenylethyl}-1H-1,2,4-triazol-3-yl)pyrazin-2-yljcarbo-
nyl}amino)propanoate (3'a)

Light-yellow solid; yield: 0.084 g (85%); mp 177-180 °C.
"H NMR (300 MHz, CDCls): & = 9.04 (s, 1H, Ha,), 8.76 (d,
J = 6.3 Hz, 1H, NHamide), 8.69 (s, 1H, Har), 7.25 — 7.09 (m,
6H, NHyiazole and 5xHa,), 5.66 (d, J = 6.4 Hz, 1H, NHBoc),
5.42 — 5.27 (m, 1H, CHNHBoc), 4.79 (pseudo-p, J = 7.2
Hz, 1H, CHCH3s), 3.82 (s, 3H, OCHjs), 3.45 — 3.23 (m, 2H, ),
1.59 (d, J = 7.1 Hz, 3H, CHa), 1.37 (s, 9H, (CHs)3). °C
NMR (75 MHz, CDCl3): 6 = 173.2, 164.7, 164.4, 155.9,
152.9, 147.9, 143.2, 142.6, 141.5, 137.6, 130.3, 128.9,
127.2, 80.2, 53.5, 50.8, 49.6, 41.7, 29.0, 18.7.

Methyl (2S)-2-({[3-(5-{(1S)-1-[(tert-butoxycarbonyl)ami-
noJ-2-phenylethyl}-1H-1,2,4-triazol-3-yl)pyrazin-2-yljcarbo-
nyl}amino)-3-phenylpropanoate (3'b)

Yellow solid; yield: 0.099 g (87%); mp 152-154 °C. H
NMR (300 MHz, CDClz): & = 8.96 (d, J = 1.4 Hz, 1H, Ha/),
8.71 — 8.49 (m, 2H, NHami¢e and Ha), 7.33 — 7.04 (m, 11H,
NHtriazole @and 10xHa(), 5.49 (d, J = 8.5 Hz, 1H, NHBoc),
5.40 — 5.19 (m, 1H, CHNHBoc), 5.06 (dd, J = 13.9, 6.2 Hz,
1H, CHCOOCHs3), 3.77 (s, 3H, OCHj3), 3.41 — 3.14 (m, 4H,
2xCHy), 1.37 (s, 9H, (CHs)s). °C NMR (75 MHz, CDCls):
0 =171.8, 164.8, 155.8, 153.6, 147.5, 142.9, 142.7, 142.2,
137.7, 136.1, 130.2, 129.8, 129.3, 128.8, 128.0, 1271,

0. OBpinyyk, acn.
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80.0, 54.7, 53.2, 50.8, 41.7, 38.5, 28.9. LC/MS: m/z = 572
[M+H]".
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Hapinwna go peakonerii 06.09.16

CUHTE3 HOBUX XIPANIbHUX a-AMIHOKUCITOTHUX NOXIAHUX 3,5-AN3AMILLEHUX 1,2,4-TPUA30IIB

EnaHmiomepHo Yyucmi a3uHo-3e'si3aHi 3,5-0usamiueHi 1,2,4-mpua3oniu cuHme3oeaHi mepmasibHOI YUKJli3auyiero npu MiKpoxeusb08oMy OMNpo-
MiHeHHi. Po3kpumms niponiouHogoeo Kinbysi 2idpasudom amiHokucromu Oae Hoeul 3py4YHuli Memod odepxaHHs1 npekypcopie N-ayunamidpa-
30Hi8. I3omepu ocmaHrHix sus4eHi SIMP-cnekmpockonieto ma KoMn'romepHUMU pPo3paxyHKamu.

Knroyoei cnoea: asuHu, mpua3sos, MiKpoxeusnboee OnpoMiHeHHs, amiOHa i3oMepisi, KOMM'tomepHi Ppo3paxyHKu.
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CUHTE3 HOBbIX XUPAJIbHbIX a-AMUHOKUCITIOTHBLIX MPON3BOAOHbIX
3,5-AU3AMELLEHHbIX 1,2,4-TPUA30JI0OB

EHaHmMuomMepHo Yyucmsble a3uHo-cesizaHHble 3,5-0uszameuwjeHHble 1,2,4-mpua3o/bl cuHmMe3upoeaHbl MepMasibHOM Yuku3ayueli Npu MUKpogo-
JNIHo8OM 0651yyeHuUU. Packpbimue nupposiuduHo8o20 Kosbya 2udpa3udomM aMuHoKucsiombl daem Hoebll yO06HbIU Memod nosy4YeHusi NpPeKypco-
poe N-ayunamudpasoHos. M3oMepbi nocsedHux usyyeHbl SIMP-cnekmpockonueli u KOMNbIOMEPHbLIMU pacyemamu.

Kntoyeenbie crnoea: azuHbl, mpua3oJsi, MUKPO8o/IHO80€ 061y4yeHuUe, amudHasi U3oMepusi, KOMIbLIOMEPHbIE pacyemal.



