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o-Amino acids are fundamental life units responsible for the numerous
biological functions in the body. They are basic units of peptides and various
biomolecules. Tailor-made o-amino acids are unlimitedly used for producing
synthetic hormones, enzymes and immunostimulants [1]. Non-protein amino acids
occupy a special place since they are widely used in pharmaceutical, chemical,
cosmetic, food and agricultural branches [2,3]. Thus, for example, B-amino acids are
the main building block in many natural and synthetic drugs, such as taxol and
cispentacin, that are used due to their antitumor and antifungal activities,
correspondingly [4,5]. Peptides containing synthetic amino acids commonly show
higher resistance to peptidazes than their natural analogs [6]. Among non-protein
amino acids unsaturated amino acids occupy a special place.

Unsaturated amino acids can serve as building blocks because alkenyl- and
alkyl groups due to their unusual structure have a wide spectrum of possible
transformations. In particular, unsaturated o-amino acids can participate in cross-
coupling and cross-metathesis reactions, as well as in cyclization reactions [7].

The structure of non-protein amino acids includes unsaturated amino acids that
are of great interest in the synthetic chemistry as they are a cornerstone for
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fundamental modifications of molecules. As examples can serve click reactions,
metathesis reactions, Heck, Glaser and Sonogashira reactions. Besides, unsaturated
a-amino acids play a significant role in peptide synthesis [8].

Acetylene-containing amino acids are used as selective inhibitors of
Endothelin-converting enzymes and thrombin, inactivators of pyridoxal phosphate-
dependent y-cystathionase, growth inhibitors of B. SubtillisB-50 and so on. Thus, for
example  (S)-propargylglycine, isolated from fungi  Streptomyces and
Amanitapseudoporphyria inhibits the action of pyridoxal phosphate-dependent
y-cystathionase and L-methionine S-adenosyltransferase [9]. Or, for example, non-
protein amino acid vinylglycine has a wide range of biological properties. Both (S)-
and (R)-forms of vinylglycine are inhibitors of several transaminases, inactivator of
peptide hydroxylating enzyme. It is interesting that vinylglycine served as a model
sample in the development of Vigabatrin® drug intended for the treatment of
epileptic fits [10]. Or, for example, allylglycin - a synthetic antibiotic, which at the
same time inhibits growth of Escherichiacoli and Saccharomyces cereviciae. The
research has shown that allylglycine is inhibitor of glutamatdecarboxylase and an
antagonist of a-amino butyric acid. This feature is used in veterinary for provoking
convulsions in experimental animals. Allylglycine also inhibits protein synthesis in
the brain and nerve endings [9]

Thus, synthetic amino acids are one of the pillars in all spheres of human life.
The presence of chiral center in a molecule of non-protein amino acids plays an
important role in the compound’s display of biological activity (negative or
positive). Enantiomers (or diastereomers) of the chiral molecule sometimes show
opposite biological activity. So, for example, one enantiomer is physiologically
active (inhibitor, activator, etc.), and the other one — is physiologically inactive and
shows high toxicity. Therefore, the interest towards the synthesis of optically pure
compounds notably grows. Taking into account the significance of chiral unnatural
amino acids, the efficient synthesis of these compounds in optically pure forms is
one of the most important problems of the past several decades. Nevertheless, as
distinct from natural amino acids that are usually obtained by enzymatic and
microbial syntheses [11], non-protein amino acids are mainly synthesized by
chemical, biocatalytic, catalytic, stoichiometric methods [12,14].

Out of the mentioned methods, one of the prospective and accessible is
synthesis of non-protein amino acids with the use of square-planar complexes of
nickel ion.

For the past 5 years one of the trends of our research became synthesis of
unsaturated enantiomerically enriched amino acids. Ni'-complexes of Schiff base of
(S)-allylglycine or (propargylglycine) with chiral auxiliary (S)-2-N-[N’-
(benzylprolyl)amino]benzophenone (BPB) (Fig. 1) [Ni"-(S)-BPB-(S)-AllylGly (1)
and Ni"-(S)-BPB-(S)-PropargylGly] were chosen as starting synthons.
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Fig. 1
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These complexes were obtained according to the earlier developed methods
[15,16].
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The research with the use of complexes 1 and 2 were carried out in four
directions (Scheme 1):
= use of CH-acidity of allylglycine and propargylglycine moieties of these
complexes to study the reaction of C-alkylation,
= use of the acetylene bond for the Sonogashira reaction,
= use of the acetylene bond for the Glaser reaction,
= use of the ethylene bond for the Heck reaction.
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Reaction of C-alkylation of allylglycine and propargylglycine
moieties of complexes 1 and 2

a) The reaction of C-alkylation of allylglycine moiety of complex 1 (Scheme 2).
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To determine optimal reaction conditions for C-alkylation of complex 1 on the
example of adding the alkylating agent 4-bromobenzylbromide, various conditions
(solvent and base) CH3CN/KOH, CH3;CN/K,COs;, CH3CN/NaOH, DMF/K,CO3,
DMF/KOH, DMF/NaOH were studied. The reaction was carried out at both room
temperature and upon heating up to 60°C. The alkylation reaction was monitored by
TLC [SiO2, CH3COOC,Hs/CH3COCH»3=5/1] following the disappearance of traces
of the initial complex 1 and formation of the diastereomeric mixture of complexes 3
(a-c). The results are given in Table 1.

Table 1
Alkylation of complex 1 by 4-bromobenzylbromide (4-BrBnBr)
No. | 4-BrBnBr, | Solvent Base (equiv.) Reaction T°,C Chemical
(equiv.) time, min yield %*
1 1 CH5CN K,CO5(3) 120 60 <20
2 1.1 CH3CN K,CO3(5) 120 20 <20
3 1 CH3CN KOH(3) 60 60 30
4 1.2 CH4CN KOH(5) 120 20 35
5 1.2 CH5CN NaOH(5) 45 20 25
6 1.2 CH5CN NaOH(3) 45 65 25
7 1.5 DMF KOH(3) 45 20 40
8 1.2 DMF NaOH(3) 45 20 50
9 1.2 DMF NaOH(5) 60 20 75
10 1.2 DMF NaOH(5) 60 60 63
11 1.2 DMF NaOH(5) 45 60 40
12 1.2 DMF NaOH(10) 30 20 35
13 1.2 DMF K,CO3 100 65 <20

As follows from the data of Table 1, the best results by the degree of conversion
of the starting complex 1 were fixed in the DMF medium at room temperature and at
5-fold excess of base NaOH. Adding of other alkylating agents to complex 1 was
carried out under the same conditions.

Alkylation of complex 1 is a Kkinetically monitored process and its
stereoselectivity is determined by relative rates of si- and re-attack of the alkylating
agent on the intermediate prochiral sp?-carbanion. The ratio of (S,S)- and (S,R)-
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diastereomers of alkylated complexes 3(a-c) was determined by the 'H NMR
analysis of a mixture of diastereomers (before chromatography) by the ratio of the
signal integrals of methylene protons of N-benzyl group in the range of 3.60-3.75
and 4.20-4.45 ppm (Table 2).

Table 2
No. RX Alkylated complex Target amino acid
Major de, Chem. | Amino | ee,%" Chem.
Diastereomer %P yield, acids yield,
(S,9) %° (S) %°
1 2-Br- 3a 94.5/5.5 78 4a 94.86 69
C6H4CH2 Br
2 4-Br- 3b 94.2/5.8 74 4b 96.24 71
C6H4CH2 Br
3 3.4- Cl,- 3c 95.6/4.4 68 4c 95.46 80
C¢H3CH,CI

A small portion (1g) of the reaction mixture was chromatographed [20x30cm,
Si0,, CHCI3/CH3COCH3=3/1], major (S,S)-diastereomers of complexes 3(a-c) were
isolated and characterized by modern methods of physicochemical analyses.

Isolation and purification of the target amino acids 4(a-c) from the reaction
mixture of alkylated complexes 3(a-c) were carried out by the standard procedure
[17,18]. Enantiomeric excess (ee) of the isolated amino acids according to the chiral
HPLC exceeded 95%.

As a result of the performed investigations the efficient method for the
asymmetric synthesis of new enantiomerically enriched analogs of (S)-a-allyl-B-
phenylalanine containing halogen atoms in different positions of the phenyl group
has been elaborated.

Thus, using this approach we managed to obtain 4 novel, earlier not described
in the literature, non-protein unsaturated a-amino acids of (S)-configuration and in
95% asymmetric yield, as well as their intermediate complexes, correspondingly.

b) The reaction of C-alkylation of amino acid moiety of complex 2 was
conducted in DMF/NaOH.

When the reaction of alkylation was carried out in DMF in the presence of
NaOH, substitution of a-H-amino acid moiety with the formation of complexes of a-
alkyl substituted (S)-propargyl glycines (5a-j) was observed for all halogenides.

The major fractions of synthesized complexes (5a-j) were chromatographed.

Isolation of the target enantiomerically enriched amino acids (6(a-j)) from the
major diastereomeric complexes (5a-j) was conducted according to a general
procedure [17,18].
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The ratio of (S,S)- and (S,R)-diastereomers of alkylation products was evaluated

by 'H NMR analysis of the mixture of diastereomeric complexes (before
chromatography) by the ratio of the signal integrals of methylene protons of N-
benzylproline moiety in the range of 2.55-4.40 ppm. Besides, the ratio of
diastereomeric complexes was additionally verified by chiral HPLC analysis of the
mixture of amino acids isomers obtained after acidic decomposition of the mixture

of diastereomeric complexes

demineralization.

The results are given in Table 3.

(before chromatography) and

ion-exchange

Table 3

The results of asymmetric C-alkylation of Ni'-(S)-BPB-(S)-PGly*

No. RX
Alkylated complex Target amino acid

Major de, Chem. Amino | ee,%% | Chem.

diastereom %P yield, %° acids yield,
er %°
1 C¢HsCH,Br 5a 72 55 6a 97.5 60
2 2-F-C¢H,CH, Br 5b 70 52 6b 95.5 64
3 3-F-C¢H,CH, Br 5¢c 68 62 6C 96.5 71
4 4-F-CgH,CH, Br 5d 76 67 6d 95.0 64
5 2-Cl-C¢H,CH, Br 5e 73 58 6e 96.4 64
6 | 2.4-Cl,-C4H;CH,CI 5f 69 68 6f 97.8 64
7 | 3.4-Cl,-CgH;CH,CI 59 71 60 69 95.3 64
8 CH,=CH-CH,-Br 5h 75 55 6h 96.4 59
9 2-Br-C¢H,CH, Br 5i 90 60 6i 96.4 57
10 CH;sl 5j 84 45 6j 95 62

2 _ reaction conditions: DMF/NaOH, 70°C.
®_ de-determined by NMR

¢~ chemical yield of diastereomeric complexes at the stage of alkylation

¢ _ determined by the method of chiral HPLC of the amino acid obtained after
decomposition of the mixture of diastereomeric complexes and ion-exchange
demineralization
¢ _ chemical yield of the isolated amino acid ( calculated based on complex 5(a-j)).
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The target a-alkyl substituted propargylglycines 6(a-j) were isolated from the
diastereomeric mixtures of alkylated complexes according to the standard procedure
and crystallized from aqueous alcoholic solutions. The structures and absolute
configuration of synthesized amino acids were established by physicochemical
methods.

The absolute configuration of a-carbon atom of the amino acid moiety of the
afore-mentioned complexes was determined by the method of polarimetric
measuring as it was done earlier for the similarly constructed complexes of other
amino acids [17,18]. The positive sign of the optical rotation of major diastereomers
of complexes 3(a-c) and 5(a-j) with larger values of Rf on silica gel at the wave
length of 589 nm prove (S)-absolute configuration of a-carbon atom of their amino
acid moieties ((S,S)-diastereomers).

The structure and absolute configuration of the synthesized new amino acids
were identified by modern methods of physicochemical analysis [19,20].

Thus, using this approach we managed to obtain 10 novel, earlier not described
in the literature, non-protein unsaturated a-amino acids of (S)-configuration and in
96% asymmetric yield, as well as their intermediate complexes, correspondingly.

¢) Synthesis of achiral a,a-disubstituted glycine analogs

This direction was of interest to us because the presence of acetylene, allyl and
aromatic groups in the side-chain radical of the synthesized compounds allows to
use them as the starting synthons in the Suzuki, Heck, Sonogashira reactions for
producing more complex unsaturated amino acids.

This section is devoted to the synthesis of complexes containing in a-position
propargyl, allyl, 2-bromobenzyl, 2-fluorobenzyl and 3-fluorobenzyl groups via bis-
alkylation of the glycine moiety in the Ni" complex of its Schiff base with chiral
auxiliary (S)-BPB (Scheme 4). To obtain achiral bis-alkylated glycine derivatives,
the reactions of both stepwise monoalkylation of amino acid moiety of complexes 1
and 7(a-e) (path A), and direct bis-alkylation of glycine moiety of complex | (path
B) were studied.
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Scheme 4
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Complexes 8(a-e) were obtained from complex | according to the previously
developed method [14]. As alkylating agents propargylbromide (@), allybromide (b),
2-bromobenzyl- bromide (c), 2-fluorobenzylchloride (d) and 3-fluorobenzylbromide
(e) were used.

Alkylation reactions were tested in DMF/KOH, DMF/NaOH, CH,Cl,/NaOH,
THF/NaOH and CH3;CN/NaOH media at both room temperature and upon heating
up to 55°C. To determine optimal conditions for alkylation, on the example of the
condensation reaction of propargylbromide (a) to complex I, various stoichiometric
ratios of substrate, alkylating reagent and base were investigated. Studies have
shown that the optimum conditions for the alkylation reaction of complex | are the
following: DMF as a medium, NaOH as a base, room temperature, the ratio of
complex I/base/ alkylating agent =1/3/1.5.

The  alkylation  reaction was  monitored by  TLC [SiO,,
CH3;COOC,Hs/CH3COCH3=3/1]. For quantitative evaluation of the alkylation
reaction TLC data were used. The highest chemical yields, shown by some of
compounds, were determined by the number of alkylated complexes isolated after
crystallization from methanol.

Quantitative characteristics of C-alkylation reaction of the amino acid moiety of
complexes | and 7(a-€) are presented in Table 4.
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Table 4

Results of complexes alkylation by various alkylhalogenides in DMF
in the presence of NaOH at room temperature*

No. Alkylhalogenide Chem. yield of bis-alkylated complexes (%)
Bis-alkylated complexes Path A ** Path B
1 HC==C——CHBr (5) 8a 83 (92) 45
2 H,C==CH——CH,Br b 8b 80 (89) 48
3 8c 73(82) 44
CH,Br
Br (C)
4 8d 68 (76) 46
QW
F (d)
5 8e 72 (84) 48
QCHQBr
F (€)
*chemical yield of bis-alkylated complexes based on the starting number of glycine
complex (1);

**in brackets — chemical yield of bis-alkylated complexes 8(a-€) after crystallization
based on the number of complexes 7(a-e) (path 4, stage 2).

Both stepwise alkylation of the amino acid moiety of complexes | and 7(a-e)
(path A), and direct bis-alkylation of complex | (path B) were carried out under
specially selected optimal conditions for alkylation reactions, however, in case of
direct bis-alkylation of glycine complex the alkylating agent and base were taken in
relatively double excess.

Practically for all alkylating agents bis-alkylation of glycine complex |
proceeds more quantitatively with the use of a method of two-stage stepwise
alkylation (path A) than with immediate bis-alkylation of glycine complex (path B).
In case of using a method of direct bis-alkylation of the glycine moiety of complex
I, about 30% of less mobile on the SiO, sideline fraction is formed with not typical
for these complexes dark color (oxidation products). The similar was also observed
earlier while studying the reaction of bis- alkylation of complex | by methyl iodide
[22]. The main o,a-dialkyl substituted complexes 8(a-e) were isolated from the
reaction mixture by crystallization from methanol. With the purpose to isolate target
a,a-bis-alkylated glycine analogs, preparative experiments using the method of two-
stage stepwise alkylation (path A) were carried out and samples of complexes 8(a-€)
were obtained. Decomposition of complexes 8(a-e) and isolation of target a,o-
dialkyl substituted glycine derivatives 9(a-e) were conducted by the standard
procedure [17,18].
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The structures of synthesized new achiral complexes as well as of achiral
glycine analogs were determined by modern methods of physicochemical analysis
[23].

Sonogashira reaction

In case of the Sonogashira, Heck and Glaser reactions, the objective of the
research was use of the unsaturated bond with its directed modification to obtain
non-protein amino acids of a new generation, containing substituents added
immediately to the unsaturated bond.

We have also studied arylation of acetylene group of propargylglycine moiety of
complex 2 using the Sonogashira reaction (Scheme 5). Bromobenzene was used as an
arylating agent, and various phosphorus Pd-complexes were tested as catalysts. The
arylation reaction was studied in different media. The results are given in Table 5.

Table 5
Optimization of conditions of the Sonogashira reaction
No. Catalyst Co-catalyst Solvent Base T°,C Chem.

yield,

%ea

1 PdCI,(PPhs), Cul 1.4-Dioxane DIPA 90 46
5 mol% 10 mol%

2 Pd(PPhs), Cul DMF DIPA 90 64
5 mol% 10 mol%

3 Pd(PPhs), Cul THF DIPA 60 58
5 mol% 10 mol%

4 Pd(PPhy), Cul 1.4-Dioxane | DIPA 90 70
5 mol% 10 mol%

5 Pd(PPhs), Cul CH4;CN DIPA 90 59
5 mol% 10 mol%

6 Pd(PPhs), Cul 1.4-Dioxane Et;N 90 45
5 mol% 10 mol%

7 Pd(PPhs), Cul 1.4-Dioxane DIPA 90 40
2.5 mol% 5 mol%

8 Pd(PPhs), Cul 1.4-Dioxane DIPA 90 57
5 mol% 5 mol%

Conditions: i: 1 (0.25 mmol), Pd(PPhs)4(5 mol%), Cul(10 mol%), PhBr (0.21
mmol), DIPA (0.5 mL), 1,4-Dioxane (1 mL), 90°C, 6 h.
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As follows from the Table, maximum 70% chemical yield was registered in the

case of catalysts 5 mol% Pd(PPhz),and 10 mol% Cul base DIPA (diisopropylamide)
in 1.4-dioxan (exp. 4). The reaction was carried out in the argon stream at 90°C.

The target arylated (S)-2-amino-5-phenylpent-4-ynoic amino acid 13 was

isolated from the reaction mixture by the general procedure. It was obtained in 85%
chemical and 97% enantiomeric yields and its physicochemical parameters were in
full agreement with the literature data.

Sonogashira reaction (Scheme 6, Table 6):

Based on the obtained data, a number of aryl bromides were tested in the

Table 6

No. Product-complex Chem.

Ar The reaction duration, h yield,
%
1 12a 4-C¢H,CH3 3.0 67
2 12b 3-CgH4CH; 3.0 71
3 12¢ 2-C¢H4CH; 3.0 46
4 12d napht-1-yl 45 68
5 12e thiophen-2-yl 3.5 78
6 12f 4- CgH F 3.0 71
7 129 4- CgH,Cl 3.0 72
8 12h 4- C¢H4CF; 3.0 76
9 12i 3- C¢H4OCH; 3.5 67
10 12j 4- CgH,NO, 3.0 7

HNiPr; (1 ml/0.25 mmol), 1,4-dioxane (1 ml/0.25 mmol).
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Scheme 6
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Thus, using this approach we succeeded to produce 10 novel, earlier not
described in the literature non-protein unsaturated a-amino acids of (S)-
configuration, as well as their intermediate complexes in quantitative chemical
yields [24].

Heck reaction

This section is devoted to the synthesis of unsaturated amino acids based on the
Heck reaction (Scheme 7).

Scheme 7
J&/H B 0 7
N Br & O&/H e
>N N1 >-~»N = PN NN
22 TS
0 @ J
1 13 (a-g) (S)-BPB x HCI
\
i. 2N HCI / CH;0H, T=50°C
HO{@( ii. Ky2x8 H' / 5%NH,OH
HoN 14(a-g) iii. C,H;OH/ H,0

65



Table 7

:

No. | Complex-product Chemical Yield, % Amino Acid Chemical yield, %
1 13a 82 o l4a 65
HO 7
NH,
2 13b §_® 27 ] ) 14b 92
HO)X\(\/\Q
NH,
3 13c C o 29 W\Q\ l4c 83
/
\ HO o]
NH,
4 13d F 85 o P F 14d 97
HO)\(\/\@
NH,
5 13e 45 O Yy 14e 98
NH, F
F
(o]
6 13f FF 69 Yy i 14f 88
HO F
F NH, E
7 13 75 (0] 14 91
g ) g
HO
NH,

Condition: 1 (1.0 eq.), ArBr (1.2 eq.), Pd(PPhs), (5 mol%), HNiPr, (1 ml/0.25 mmol 1), 1,4-dioxane (1 ml/0.25 mmol 1), reaction duration 48 h




The reaction was carried out in the argon stream at 90° C with 5 mol% of
Pd(PPhg),4 in 1,4-dioxane. The duration of reaction was 48 h.

Thus, using this approach we succeeded to produce 7 novel, earlier not
described in the literature non-protein unsaturated a-amino acids of (S)-
configuration, as well as their intermediate complexes in quantitative chemical
yields.

Glaser reaction

In this section we outline study of the Glaser reaction. Initially, the reaction of
hetero-coupling of complex 2 with allylbromide was investigated. The reaction was
tested at room temperature in DMF/NaOH, CH3;CN/NaOH and CH3;CN/K,CO;
media. The best results were obtained with CH3CN/K,CO; (Table 8, Scheme 8).

Table 8

Testing of the Glaser hetero-coupling reaction of complex 2 and allylbromide
at room temperature

Ne Solvent/ base Time, min de, %*° Chem. yield, %°
1 DMF/NaOH 300 — 20
2 CH;CN/NaOH 140 62.32 55
3 CH;CN/K2C03 45 74.30 74

a — determined by the method of HPLC analysis of the amino acid produced
after decomposition of a mixture of diastereomeric complexes and ion-exchange
demineralization;

b-the total chemical yield of diastereomeric complexes at the stage of
hetero-coupling.

After decomposition of a diastereomeric mixture of product 15 by 2N HCI
solution, the target amino acid was isolated from hydrolisate by the standard
procedure [17-18] using ion-exchange resin Ku-2x8 and crystallization from water-
alcoholic solutions. A new enantiomerically enriched non-protein amino acid - (S)-
2-aminoocta-7-en-4-yneic acid (17) was obtained in >71% chemical vyield
(calculated based on the mixture of addition products) and optical purity 98.5%
(according to HPLC analysis data).
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Scheme 8
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Oxidative demineralization of Ni"-(S)-BPB-(S)-PGly 2 complex was carried out
in CH3CN/K,CO3; medium in the presence of CuCl catalyst (Scheme 8). The
diastereomeric excess (de) of the obtained complex 16 determined by NMR was
98% [25].

Thus, our team has succeeded in synthesis of more than 30 novel, previously
not described in the literature, unsaturated non-protein amino acids and their
intermediate complexes, correspondingly. Among the new synthetic amino acids
inhibitors of some enzymes including inhibitors of serine proteases and
metalloproteases were also revealed.

Thus, using this approach we managed to produce 4 novel earlier not described
in the literature non-protein unsaturated a-amino acids of (S)-configuration in 95%
asymmetric yield as well as their intermediate complexes, correspondingly. The
significance of this approach is enhanced by the fact that the replacement of the
initial synthon of (S)-configuration by the (R)-configuration makes it possible to
produce the same unsaturated a-amino acids but already of (R)-configuration.

This work was supported in part by the RA MES State Committee of Science
and Russian Foundation for Basic Research (RF) in the frames of the joint research
projects SCS 15RF-035 as well as by the RA MES State Committee of Science, in
the frames of the research project Ne15T-1D260.

This work was awarded the State Award 2015 of the Republic of Armenia in
the sphere of exact and natural sciences.

ARNUAGE3UWo WU LUR-E-NFLELP WUPUES,PY UPLE-EQD
ALUGTILUNNFU NPLA SULP LGP 260-LAGLAFULEN R
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Npuybu bpuypts wpinnnbikp planpdby by (S)-wyfyggpgfbp fud (S)-ypnuupypyghgbif b pp-
[HIILU.IJ[IiI Oollllillz_llll[ n_lnurl(_bflm (S)-z—N—(N'—Fbiuﬂ‘llulpnl[ll)l.ut.fﬁfuulzlifulnlgzbflnfl[l(BPB) C[ug)[l
Spdpp wnwPugpd Nill hnduygbpulibpp [Nill-(S)-BPB-(S)-AllylGly k. Nill-(S)-BPB-(S)-
PropargylGly].’
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s Sl [Ty ol anapofly 63 g nw e fFyne ]

= Apduybpulibph wyfygipgliegfl boypnegupgfyg gyl $pogdbionibph CH-

[ usgumefFyusts hppranmdp C-wplifydusts nbwlygfustibipf Shumugmnduts Qusdup,

- gyl pl fugf hpponncdp Uningugppogp nbughsgnd,

- wyglunfybluypl fuh Qhpunncdp Spuygglbpfonbulgpog oo,

- byl fi s hpppncddp Qblf nbulygfoognod:

Uyusgpoun, oqnugnpdbyn wyu dmnkgnidp, b Swdnyby & mnwbmy wflyf puts 20
bop, Ywpulifiincd gudljulinfdyuts 06 sulpmpugpwd, §Qwgbguwd fumghp wpupnciolng
sty Susdusgunnufunds dfyQuielyyuy ndwgybplibipp :

JOCTHXKEHUSA IATHU JIET B OBJIACTU ACUMMETPUYECKOI'O
CUHTE3A HEHACBIINEHHBIX AMUHOKCHUJIOT

A. C. CATHSIH™®, 10. H. BEJIOKOHB", I1. IAHTEP",
A. ®. MKPTYSIH™® u 3. 3. MAPJIUSIH®

aHay4yHO-IIPOM3BOACTBEHHEBIN LIeHTP “ApmoOuorexnoaorus” HAH PA

Apmenus, Epean, 0056, ya. I'rtoppxana, 14

®akc: (+37410) 654180, E-mail: saghyan@netsys.am

SEpeBaHCKHIT TOCYAAPCTBEHHBIN YHUBEpCHTET, HCTATYT (hapManum

Apwmenusg, Epean, 0025, ya. A. ManyksaHa, 1

B THCTUTYT 3AeMeHTOOpraHndecknx coepuHeHnu uM. A.H. Hecmesanosa PAH
Poccuiickas @epepanms, 119991, Mocksa, ya. BaBunrosa, 28
I Yausepcurer PocTtoka, MHCTATYT XuMun
l'epmanug, 18059, PocTok, ya. A.OUHIITENHa, 3a

B mocaepHUe TIATH AT OAHHUM K3 HAlpaBA€HUM HAIINX MCCAEAOBAHUU
CTaA CHHTe3 HEHACHIIeHHBIX 3HAaHTMOMEPHO OOOTallleHHBIX aMWHOKHCAOT.
JAaHHasg CTaThd MOCBAIEHa CUHTE3Y BBIIIE OTMEeYeHHBIX 0-AMHHOKUCAOT, OC-
HOBAHHOMY Ha HMcroAb3oBaHun Nill-kommnaekcos ocunoBanus Iudda amuHo-
KHCAOT C XUPAABHBIM BCIIOMOTATEABHBIM peareHToM (S)-2-N-(N'-6eH3uATpo-
amna)amuHoOeH30eHOHOM (BPB) B pa3AWYHBIX MMEHHBIX peaknusax. B ka-
YecTBe MCXOAHOTO CHHTOHA ObIAM BhIOpaHbl Nill-koMmaekchl ocHOBaHWMS
Indda (S)-aAAMATAMIIMHA WA (IPOTAPTUATAMIIMHA) U XUPAABHOTO BCIIOMO-
rateabHOTO peareHTa (S)-2-N-[N'-(6eH3urnpornr)amMuHo]b6en3oderoHa (BPB)
[Nill-(S)-BPB-(S)-AllylGly u Nill-(S)-BPB-(S)-PropargylGly].

VccaepOBaHusl ¢ UCTIIOAB30BaHueM Kommaekcos Nill-(S)-BPB-(S)-AllylGly
n Nill-(S)-BPB-(S)-PropargylGly IpOBOAMAKUCE IO YeThIpeM HallpaBACHUSIM ]

- ucnoab3zoBaHugd CH-KHMCAOTHOCTM AAAUATAUIIMHOBOTO M NIPONAPIHUA-
TAUIIMHOBOI'O (DpParMeHTOB 3THUX KOMIIAEKCOB AAS MCCAEAOBAHUS peak-
nun C-aAKMAWPOBaHN,

- HCIOAB30BaHUE alleTUAEHOBOU CBS3M AAS peakiuu COHOTAIIUPHI,

- HCIOAB30BAHUE AlleTUACHOBOU CBS3M A peakiuu ['Aasepa,
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- HCHOAB30BaHUE 3TUAEHOBOMU CBA3U AN peaknuu Heck-a.
Takum 0Opa3oM, UCIOAB3YSI AQHHBIM IIOAXOA, HAM YAAAOCH IIOAYYHUTE 0O-

Aee 20 HOBBIX, paHee He ONMCAHHBIX B AUTEpaType HEHACHIIEeHHBLIX (-aMU-
HOKUCAOT (S)-KOH(UTYpaU C BBICOKUM aCUMMETPHUYECKUM BBIXOAOM.
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