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The latest discoveries in medicinal chemistry increase day by day with the use
of unnatural a-amino acids. As irreversible enzyme inhibitors non-proteinogenic a-
amino acids are widely used in the synthesis of drugs and other bioactive molecules,
since the cleaving effect of proteases and other enzymes is notably weakened in the
case of substrates of unnatural origin. Thus, inclusion of non-proteinogenic amino
acids into the drugs structure results in essential prolongation of drugs effect [1].
Therefore, unnatural a-amino acids are used in the synthesis of drugs of different
action as important pharmacologically active aglycons. Thus, a strong antibiotic
Leucinostatin A, having antitumor activity is comprised of three moieties of (S)-a-
methylaminopropionic acid [2]; O-methyl-L-threonine is used for the synthesis of an
important physiologically active peptide 3-O-methylthreonine-oxytocin [3]; B-N-
amino substituted derivatives of amino acid are part of Tuberactinomycin [4],
Bleomycin [5], Edeine [6], Capreomycin [7], A-19003 [8] antibiotics, etc. B-
Hydroxy-a-amino acids of different structures are important components of
physiologically active cyclic peptides (Vancomycine), and enzyme inhibitors [9].
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Thus, for example, D-allo-threonine is included into the composition of Katanosins
[10] and Accurninaturn [11] antibiotics; (+)-Lactacystine [12], and Cyclosporin [13]
contain B-hydroxyleucine moiety. (S)-Substituted cysteine is used for the synthesis
of physiologically active cysteine-containing peptides [14]. Inclusion of D-allo-
isoleucine into the antibiotic Dactinomycin D imparts to the drug anticarcinogenic
activity [15]. Sympathomimetic drug N-carboxyphenylprolyllysine is part of the
antihypertensive drug Lysinoprile [16]; derivatives of L-lysine, L-oxyproline and D-
phenylalanine are parts of anticancer drugs Leuprolide [17], Octreotide [18], Tuftsin
[19]; (S)-2-methyl-3,4,5-trihydroxy-phenylalanine possesses antitumor activity [20],
(2S,4S)-4-fluoroglutamic acid is an important component of antitumor drug
Methotrexat [21], etc. (S)-substituted cysteines are used for the synthesis of cysteine-
containing physiologically active peptides [22]. Non-proteinogenic aliphatic D-
amino acids are applied as intermediates for the synthesis of many chiral drugs, for
example, of antidiabetic drugs Alogliptin, Linagliptin, Sitagliptin, Saxagliptin and
others [23].

Non-proteinogenic amino acids have also found their application in modern
organic chemistry. They can be employed as chiral material for the synthesis of
natural compounds and their biologically active analogs, as reagents or ligand-
catalysts. In particular, synthetic non-proteinogenic amino acids are of great
importance in peptide investigations, they are included into peptide structure to limit
conformational flexibility of molecules. This results in enhancement of the stability
to enzymes, improves pharmacodynamics and bioavailability [24]. The role of non-
proteinogenic amino acids in protein engineering is very high. They are introduced
into the structure of proteins to study the structure dependence of functional
peculiarity of proteins [25].

It should be noted that chiral unnatural amino acid is eligible for the use in the
afore-mentioned spheres only as one enantiomerically enriched isomer. Though the
microbiological methods for the synthesis and enzymatic cleavage of racemates are
effective for the production of natural chiral a-amino acids, they proved to be
unsuccessful in the synthesis of non-proteiogenic a-amino acids. Hence, the
asymmetric methods for production of chiral biologically active molecules, in
particular, of amino acids of non-proteinogenic origin are urgent and demanded
today.

There are four main strategies for the production of chiral a-amino acids [26].
The first strategy is selective addition of a carboxylic acid equivalent to the pro-
chiral o—carbon of an imine, as in the asymmetric Strecker reaction) (Scheme 1).
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The next one is asymmetric addition of hydrogen to a-carbon of di-
dehydroamino acids as in the case of Knowles Monsanto synthesis (Scheme 2).

Scheme 2
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The third is Corey-Link reaction, asymmetric addition of hydride to ketone:
precursor of amino acid. A large number of glycine derivatives are used as
precursors of electrophiles and nucleophiles followed by asymmetric addition of R-
group to a-carbon of the glycine moiety [27]. (Scheme 3).
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There are also many other approaches for the synthesis of chiral a-amino acids,
e.g. electrophilic amination of enolates, nucleophilic amination of a-substituted
amino acids, enzymatic synthesis including enzymatic cleavage of racemates, etc.
[28].

Despite a large number of efficient catalytic methods for the asymmetric
synthesis of amino acids, the practical application of the existing methods is limited
due to a number of important factors: the complexity of synthesis and expensive
catalysts, use of toxic initial products (e.g. HCN, acetone cyanohydrin or
trimethylsilylcyanide) in stoichiometric ratios limiting their applied usage in large-
scale productions [29]. Besides, direct hydrolysis of optically active a-aminonitriles
can lead to impairment of the optical purity of target products [30].
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Thus, elaboration of more practical and applicable for the technology
asymmetric methods for the synthesis of non-proteinogenic amino acids is still a
topical and demanded task.

The direction of the asymmetric synthesis is successfully developing in research
teams of the world-known scientists, such as M. Makoza [31], E. Carreira [32], K.
Maruoka [33], M. Shibasaki [34], D. Seebach [35], U. Schollkopf [36], Yu. Belokon
[37] and others who conduct the asymmetric synthesis of amino acids, amino
alcohols, low molecular weight peptides and other chiral biologically active
molecules using various chiral catalysts and auxiliaries.

In the present article we communicate the stoichiometric asymmetric synthesis
of non-proteinogenic a-amino acids with substituents of various origin in the side-
chain based on the use of Ni" complexes of the Schiff base of amino acids with
chiral auxiliary (S)-2-N-(N"-benzyl-prolyl)aminobenzophenone (BPB).

Since 1985 the biomimetic direction of the asymmetric synthesis has been
successfully developing in the SPC “Armbiotechnology” NAS RA and in the
Department of Pharmacy of Yerevan State University.

Various chiral complexes of transition metal ions containing Schiff bases of
amino acids and carbonyl compounds, studied in biomimetic transformation

reactions of amino acids, were synthesized [1].
{ O
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Fig. 1. Chiral complexes of transition metals.

The best results in both stereoselectivity and technological parameters were
recorded in case of using square-planar Ni" ion complexes with the Schiff base of
amino acids (dehydroamino acids) and chiral auxiliary BPB (D) (complexes of Yu.
Belokon) [38,39].

The first chiral auxiliaries — carbonyl derivatives of N-benzyl (S)-proline with
2-amino-benzaldenyde  (BPBA), 2-aminoacetophenone (BPA) and 2-
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aminobenzophenone (BPB) were obtained on the basis of the natural cyclic amino
acid (S)-proline and studied in the asymmetric reactions of amino acids synthesis.
The research has shown that in a series of Ni' complexes of the Schiff bases of
amino acids and these carbonyl derivatives, complexes based on BPB chiral
auxiliary have the highest enantioselectivity. Moreover, it was shown that in the
absence of benzyl substitution in the pyrrolidone fragment irrespective of the size of
the aldimine substituent (at the -C=N- bond) the enantioselectivity was equal to zero
in conversion reactions of the amino acid moiety. However, in the case of N-
benzylproline-containing chiral auxiliaries the stereoselectivity in synthesis of amino
acids increases with the increase of substituents sizes at the aldimine carbon atom of
complexes: ee is ~20% in case of 2-aminobenzaldehyde (BPBA), ~50% in case of 2-
aminoacetophenone (BPA) and ~90% in case of 2-aminobenzophenone (BPB)
ligands [1,40].

Complexes have a number of technological advantages:

¢ have the highest Ca-H acidity of amino acid moieties and electrophilicity of
the C=C bond of dehydroamino acid moieties providing quantitative
procedure of the C-alkylation reaction;

o well soluble in organic solvents and practically insoluble in water solutions,
thus facilitating the stages of isolation of the target and intermediate
complexes from the reaction medium;

o easily destroyed in a medium of weak acids (~0.5N HCI) significantly
simplifying isolation of the target amino acids from alkylated complexes;

e the main advantage of these complexes is high thermodynamic
enantioselectivity.

The difference between the energies of (S,5)- and (S,R)-diastereomers of these
complexes is more than kcal/mol that is sufficient to reach high stereoselectivity.
Thermodynamically less stable (S,R)-diastereomer gradually converts to a more
stable (S,S)-diastereomer and in about 1 hour after start of the reaction, the excess of
(S,S)-diastereomer exceeds 95% (Figure 2).

4 / ’ pry N &y
= QD -
,8) (S,R)
~95% ~5%
AG >1kcal/mol

Fig 2.Thermodynamic equilibrium between diastereomers.

Using these complexes the efficient asymmetric synthesis of (S)-a-amino acids
with various substituents in the side-chain radical was carried out. As initial amino
acid synthons, Ni" complexes of the Schiff base of amino acids (glycine and

85



alanine) and dehydroamino acids (dehydroalanine and dehydroaminobutyric acid)
with chiral (S)-BPB auxiliary were used. Amino acid complexes were employed in
the reactions of electrophilic C-alkylation of the amino acid moiety with formation
of a-substituted a-amino acids and dehydroamino acid complexes — in the reactions
of nucleophilic Michael addition with formation of B-substituted a-amino acids (see
Scheme 4).
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Various enantiomerically enriched o- and B-substituted (S)-a-amino acids
containing aliphatic and aromatic substituents of different structures have been
synthesized by this Scheme. A total of about 80 new non-proteinogenic a-amino
acids not described in the literature have been synthesized.

According to the average data, the stereoselectivity of synthesis of a- and -
substituted a-amino acids makes up 90%.

Chiral Ni" complexes of the Schiff bases of dehydroamino acids with BPB,
having an active electrophilic C=C bond, prove to be suitable synthons to include
heterocyclic groups into the side chain of amino acids. The asymmetric synthesis of
a wide range of enantiomerically enriched heterocyclic substituted non-
proteinogenic a-amino acids of (R)- and (S)-absolute configuration was carried out
through nucleophilic Michael addition of various heterocyclic amines and thiols to
the dehydroamino acid moiety of these complexes followed by decomposition of
diastereomeric mixtures of complexes of addition products and isolation of the target
amino acids (Scheme 5).
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Scheme 5
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It should be noted that heterocyclic a-amino acids are regarded as interesting
objects for pharmaceutical research since they are alien for the body in both
structure and nature of heteroatoms [41].

Under this universal Scheme we have succeeded to synthesize more than 50
new enantiomerically enriched non-proteinogenic amino acids containing various
heterocyclic substituents in the side-chain radical. Furthermore, the developed
strategy enables to include heterocyclic radicals of very different structures and
nature into the structure of amino acids [42].

Ni" complexes of the Schiff base of amino acids and BPB are suitable
precursors for setting up a small-scale production of optically active non-
proteinogenic amino acids since 90% stereoselectivity and 1-2 hour duration for the
asymmetric reactions are good technological parameters [43].

However, these factors are insufficient to use these complexes in producing
isotope-labeled amino acids that are employed in PET diagnostics as radiotracers.
The reason for this is the short half-life of isotopes. Thus, the time of half-life of
isotopes '®F and 'C most frequently used in the composition of PET-
radiopharmpreparations is 109 and 29 min, respectively, while the time of
asymmetric reactions for amino acids syntheses with use of Ni(Il) complexes with
chiral auxiliary BPB is about 1-2 hours.
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Hence, to obtain isotope-labeled amino acids, it is necessary to develop
transient and highly selective techniques for the asymmetric synthesis of amino
acids. To solve this problem, we modified complexes of Prof. Belokon by including
additional substitutents into the phenyl groups of N-benzylproline and
aminobenzophenone moieties. For this, different modified Ni(ll) complexes of
Schiff base of amino acids containing electron-donating and electron-withdrawing
substituents in these phenyl groups were synthesized (Figure 3) [1].

Cl CH,
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Fig. 3 Structure of modified Ni' complexes.

All these complexes were tested in the reactions of asymmetric synthesis of
amino acids in both the reactions of electrophilic C-alkylation of amino acid
complexes and in the reactions of nucleophilic addition of dehydroamino acid
complexes. The best results in both stereoselectivity and duration of asymmetric
reactions were obtained in case of using modified Ni" complexes of Schiff base of
amino acids and dehydroamino acids containing chlorine or fluorine atom in
position 2 of the phenyl group of N-benzylproline moiety; the enantiomeric excess
of the main diastereomers of alkylated complexes made up 97% on average and the
time of asymmetric reactions — 3-30 min [44].

Using these modified complexes, transient methods for the asymmetric
synthesis of a-amino acids into which various aliphatic and aromatic substituents are
easily included have been later developed. This strategy is being successfully used in
the Institute of Human Brain of the Russian Academy of Sciences when
synthesizing *®F-labeled amino acids, particularly, (2-**F-fluoro-L-tyrosine (2-'°F-
FTYR), 3-F-fluoro-L-o-methyl-tyrosine (3-°F-FAMT), O-2-[**F]fluoroethyl-L-
tyrosine (**F-FET), 3,4-dihydroxy-6-[*®F]fluoro-L-phenyl-alanine (6-[**F]-L-DOPA)
[45] (Figure 4).
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Fig. 4. PET radiotracers based on a-amino acids.

In recent years unsaturated a-amino acids are of special interest in the
pharmaceutical industry.

Amino acids with unsaturated bonds in the side-chain radical are interesting
objects for the pharmaceutical research as they are active inhibitors of
metalloproteases, Endophelium-converting enzymes and other enzymes.
Specifically, acetylenic amino acids are in the spotlight of such well-known
Companies as Procter and Gamble Pharmaceuticals, Novartis Pharmaceuticals and
others.

It should be mentioned that the number of known unsaturated amino acids is
limited. There are few natural acetylenic amino acids, isolated mainly from fungi,
which have a capacity to inhibit enzymes. As to the synthetic analogs of unsaturated
amino acids — the literature describes only a few of such amino acids, moreover in
the form of inactive racemates [46].

In this connection, we set the task to use the unique capacities of chiral Ni(ll)
complexes of Schiff bases of amino acids and BPB to include unsaturated bonds into
the side group of the amino acid moiety. For this, the appropriate propargylglycine
and propargylalanine complexes were synthesized by C-alkylation of the amino acid
moiety from Ni(ll) complexes of the Schiff base of glycine and BPB (Scheme 7).
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Scheme 7
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Propargylglycine and propargylalanine complexes were investigated as the
starting amino acid synthon to study other unsaturated a-amino acids. Using
coupling Sonogashira, Heck and Glaser reactions, different unsaturated amino acids,
containing acetylene, allyl and other unsaturated groups in the side chain, were
synthesized from propargylglycine and propargylalanine complexes. Dimeric amino
acids containing acetylene groups as coupling links were also synthesized [47]. We
also succeeded in synthesis of heterocyclic substituted amino acids containing
acetylene bonds as a linking bridge (Scheme 8).
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Thus, using the unique properties and enantio capacities of square-planar Ni"
complexes of Schiff base of amino acids and chiral carbonyl derivative of (S)-
proline ((S)-BPB) more than 150 new enantiomerically pure non-proteinogenic (S)-
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a-amino acids containing alkyl, propyl and unsaturated groups of very different
structure in the side-chain radical have been synthesized.

Use of such amino acid complexes based on chiral derivative of (R)-proline
[(R)-BPB] will enable to conduct the asymmetric synthesis of similar non-
proteinogenic a-amino acids of (R)-absolute configuration.

Chemical structures, absolute configurations, the degree of chemical and
enantiomeric purity of the synthesized non-proteinogenic amino acids and their
intermediate complexes were investigated and established by modern
physicochemical methods of analysis (*H-NMR, *C-NMR, X-ray structural
analysis, elemental analysis, chiral HPLC and GLC, IR, polarimetric measurements,
etc.).

Specific data of synthesized compounds are not cited in this paper due to a large
volume, however all analyses data unequivocally confirm chemical structure and
absolute configuration, as well as high chemical and optical purity (ee>99%) of the
synthesized amino acids.

Based on the obtained data an efficient technology for production of optically
active non-proteinogenic a-amino acids has been developed. It has the following
technological advantages:

e The technology is universal and makes it possible to obtain different non-
proteinogenic amino acids on one production line using the same starting
complex.

e High stereoselectivity. De of the main diastereomer of the alkylation
product practically for all reactions is 90% and higher. This allows to
produce optically pure amino acid with more than 98-99% enantiomeric
purity by one crystallization.

e Regeneration of chiral auxiliary. After each synthesis, the initial chiral
auxiliary BPB regenerates with a quantitative chemical yield and complete
retention of the starting optical activity. This allows to use it many times in
the reactions of asymmetric synthesis of amino acids.

o Profitability of the technology. The technology enables to obtain
expensive and important non-proteinogenic amino acids from available and
cheap raw material - glycine and D,L-alanine that cost about 10 US dollars
per 1 kg of the substance. And the average cost of the products - synthesized
non-proteinogenic amino acids is 250 US dollars per 1 gram of the sample.
By this price we realize our amino acids in the European market.

Using the developed methods a small-scale production of optically active non-
proteinogenic a-amino acids has been set up in the Scientific and Production Center
“Armbiotechnology”.

The technological line on the example of production of a-amino acids with
unsaturated groups in the side-chain radical is presented in Figure 5.
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Fig. 5. Technological scheme for preparative production of optically active
a-amino acids.

On this technological line various enantiomerically pure non-proteinogenic -
amino acids realized in the European market — ACROS ORGANICS (Belgium),
IRIS BIOTECH (Germany), etc. are regularly produced.

At the same time medico-biological studies of the synthesized new amino acids
were conducted.

Screening of the synthesized amino acids and peptides based thereon identified
compounds with a whole set of biological properties. Among compounds having
antibacterial activity the following amino acids: (S)-p-[4-allyl-3-(furan-2-yl)-5-
thioxo-1,2,4-triazol-1-yl]-a-alanine, (S)-B-[4-allyl-3-(2’-chlorophenyl)-5-thioxo-
1,2,4-triazol-1-yl]-a-alanine  and  (S)-B-[4-allyl-3-(pyridin-3'-yl)-5-thioxo-1,2,4-
triazol-1-yl]-a-alanine, as well as the following dipeptides: N-formyl-
methionylalanyl-(S)-B-[4-allyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine  and
N-formyl-(S)-methionyl-(S)-p-[4-phenyl-3-propyl-5-thioxo-1,2,4-triazol-1-yl]-a-
alanine can be mentioned. It is necessary to note that these compounds also inhibit
growth of antibiotic-resistant strains of E.coli [48].

In the study of mutagenic/antimutagenic properties of compounds it is shown
that tripeptides N-formyl-(S)-methionyl-glycyl-(S)-B-[4-phenyl-3-propyl-5-thioxo-
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1,2,4-triazol-1-yl]-a-alanine  and  (S)-B-[4-allyl-3-(pyridin-4'-yl)-5-thioxo-1,2,4-
triazol-1-yl]-a-alanine and amino acid (S)-pB-[4-allyl-3-(pyridin-4'-yl)-5-thioxo-
1,2,4-triazol-1-yl]-o-alanine several times increase the frequency of spontaneous
and N-methyl-N-nitro-N-nitrozoguanidine-induced mutations [49]. A number of
compounds, such as (S)-B-[4-allyl-3-butyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine,
(S)-B-[4-allyl-3-(3’-hydroxypropyl)-5-thioxo-1,2,4-triazol-1-yl]-a-alanine, (S)-B-[4-
propyl-3-isobutyl-5-thioxo-1,2,4-triazol-1-yl]-a-alanine and (S)-methoxy-5-
nitrophenyl-alanine have the ability to reduce the frequency of NG-induced
mutations, i.e. have antimutagenic properties [50].

Among new synthetic amino acids and peptides inhibitors of some enzymes
including inhibitors of serine proteases and metalloproteases were revealed. Out of
investigated compounds the strongest inhibitors of proteinase K proved to be R-, S-
stereisomers of allylglycine (ICsp= 5.36 mM, ICs= 6.02 mM), (2S,3R)-B-
hydroxyleucine (ICso= 3.21 mM) and (2R,3S)-B-hydroxyleucine (ICso= 3.43 mM),
allo-O-ethylthreonine (ICso= 3.86 mM), (R)-a-methyl-p-phenylalanine (ICso= 3.02
mM).

The strongest inhibiting effect on tripsin exhibited (2R,3S)-p-hydroxyleucine
(IC5=1.9 mM) and (2S,3R)-hydroxyleucine (ICsp=1.1 mM), as well as dipeptides N-
formylmethionyl-(2S,3R)-B-hydroxyleucine (IC5,=0.1 mM), N-formylmethionyl-
(2R,3S)-hydroxyleucine (IC5=0.2 mM) and N-formylmethionyl-(S)-allylglicine
(IC5=3 mM) [50]. Furthermore, both stereoisomers of B-hydroxyleucine and N-
formylmethionyl-(S)-allylglicine also have antibacterial properties.

Tripeptide alanylglycyl-(S)-p-[4-allyl-3-(pyridin-3’-yl)-5-thioxo-1,2,4-triazol-1-
yl]-a-alanine is collagenase inhibitor (ICs,= 0.11 mM). Kinetic studies showed that
alanylglycyl-(S)-p-[4-allyl-3-pyridin-3°-yl)-5-thioxo-1,2,4-triazol-1-yl]  was a
competing inhibitor [51]. (S)-B-(N-enzylamino)alanine inhibits activity of bacterial
aminotransferases.

A part of this work was supported 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 and RFBR 15-53-05014 accordingly.

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

Experimental part

"H NMR spectra were recorded on a “Mercury-300 Varian” (300 MHz). Optical
rotations were measured on “Perkin Elmer-341” polarimeter. All the reagents used
were purchased from “Aldrich”. Enantiomeric purity of amino acids was determined
by HPLC on the chiral phase, Diaspher-110-Chirasel-E-PA 6.0 um 4.0x250 mm.

General procedure for the synthesis of Ni'' complexes of Schiff bases of
amino acids with chiral auxiliaries. A solution of 1 eq. BPB, 5 eq. of amino acid
and 2 eq. of Ni(NO3)2x6H20 in absolute MeOH was heated to 40 °C and a solution

of 4 eq. KOH in MeOH was added and the whole was stirred at 50-60°C for 2 h (in
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case of obtaining glycine complex the reaction time is no more than 1 h). The
reaction was monitored by TLC on SiO,, in the system CHCI3/(CH3)2CO (3:1)
following the disappearance of the spot of the initial BPB. Upon completion of the
reaction, the mixture was neutralized with AcOH in 45 ml of water to pH 5-6. The
precipitate was filtered off and the produced complex recrystallized from methanol.

General procedure for the asymmetric addition of nucleophiles to the double
C=C bond of the complex. 1 eq. of the complex was dissolved in CH;CN and in the
argon stream were added 2 eq. of K,COj3 and 1.2 eq. of nucleophile. The addition
reaction was monitored by TLC on SiO,, in the system of solvents CHCly—
CH3;COCH; (3:1). After establishment of a thermodynamic equilibrium between
diastereoisomes, the reaction mixture was filtered, the K,COj3 precipitate washed
with chloroform and chloroform filtrate evaporated to dryness.

General procedure for complex alkylation. To 1 eq. of Ni"-(S)-BPB-S-PGly
complex in DMF were added 3 eqg. of finely ground NaOH, 3 eq. of alkylhalogenide.
The reaction was monitored by TLC [SiO,, CH;COOEt/CH;COCH,/C/Hyg (1/1/1]
following the disappearance of traces of the initial complex. Upon completion of the
reaction, the mixture was precipitated from water, filtered, the alkylation product
crystallized from methanol.

Decomposition of the complex and isolation of the target amino acid. Dry
precipitate of the complex was dissolved in CH30H and slowly added to a solution
of 6N HCI heated to 60°C. After disappearance of the typical for complexes red
coloration, the solution was concentrated under vacuum, water added and the initial
(S)-BPBXHCI filtered. From water layer the amino acid was demineralized by
passing the solution through ion-exchange column with cationite Ku-2x8 in H+
form, the resin was washed with 5% NH,OH. Eluate was concentrated under
vacuum and the amino acid crystallized from aqua-alcohol solution.

General procedure for determining enantiomeric yield of non-proteinogenic
amino acid by HPLC analysis.

In our work we used liquid chromatograph “Waters 2695 Separations Module”
(USA) with ultraviolet detector “Waters 2487, separation column “Nautilus-E” 4.0
x 250 mm, 5 um for enantiomers of non-proteinogenic amino acids. Separation of
enantiomers of non-proteinogenic amino acids was carried out in isocratic elution
mode, with 0.1 M aqua solution of NaH,PO,x2H,0 and CH3;CN (80:20 rev./rev.) as
a mobile phase, 0.5 ml/min flow rate, detection was carried out with 200 nm
wavelength, column temperature -30°C, injection volume — 10 u/. Chemicals and
cluents of “Sigma-Aldrich” with gradient grade > 99.9% were used for HPLC.
1 mg of the tested sample was dissolved in 1 ml of methanol in special test tubes for
analysis, the sample was then inserted into a special section of chromatograph
designated for the tested samples and analysis was carried out according to the
developed procedure. The injection volume was 10 ml for each analysis. The results
of analysis were reflected on the computer screen as a chromatogram and software
enabled to automatically integrate the obtained peaks.
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HOBBIE ITOKOJIEHUSA OITTUHYECKHN AKTUBHBIX HEBEJIKOBBIX
o-AMHUHOKUNCJIOT, CHHTE3 U UCCJIIEJOBAHUE

A. C. CAT'USIH, A. ®. MKPTYsIH, A. M. CUMOHSIH, H. A. OTAHECSIH,
A. M. OTAHECHIH, I1. JAHT'EP u 10. H. BEJJOKOHb

AaHHasg CcTaTbs IOCBAIIEHA CTEXHUOMETPUUYECKOMY aCHMMEeTPUYEeCKOMY
CHUHTEe3y HeOEAKOBBIX (i-aMHUHOKUCAOT C PA3AMYHOM IIPUPOAOU 3aMeCTUTEAeN
B GOKOBOM IIelM, OCHOBAaHHOMY Ha mcnoAb3oBanuu Nill koMmaekcoB ocHoBa-
Hum llndda aMUHOKHUCAOT C XMPAABHBIM BCIIOMOTaTEABHBLIM peareHToM (S)-
2-N-(N'-6eHn3uAnipoarria)amMuHobeH30(pgeHOHOM (BPB).

Haunnas ¢ 1985 r. buoMuMeTH4eCKoe HallpaBAeHHEe aCUMMEeTPUYECKOTO
cuHTe3a ypauHo pasBuBaercsa B HIILl «Apm6uorexHonrorus» HAH PA u Ha
Kaeppe dapmanum EpeBaHCKOTO rocypapCTBEHHOTO yYHUBEPCUTETA. beiAu
TIOAYYEeHBI Pa3ANYHBIE XUPaAbHbIE KOMIIAEKCHI MOHOB II€PEXOAHBIX METAAAOB
c copepykanueM ocHoBaHu4 udda aMUHOKMCAOT U KAPpOOHUABHBIX COEAU-
HEeHUM, KOTOpPble MCCAEAOBAAMCH B ACUMMETPUYECKUX PeaKIUsaX IpeBpallle-
HUS aMHHOKHCAOT B KaueCTBe XWPAAbHBIX KaTaAM3aTOPOB HMAM BCIIOMOTaA-
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TEABHBIX peareHToB. OAHAKO HaWAyUIllFie Pe3yAbTaThl KaK II0 CTepeoCenekK-
THUBHOCTH, TaK U II0 TEXHOAOTMYECKHM IlapaMeTpaM OBLIAM 3a(UKCUPOBAHEI B
CAyYae MCIIOAB30BaHUs MMAOCKO-KBAAPATHBIX KommaekcoB uona Nill ¢ ocno-
BaHueM Iludda aMHHOKUCAOT HAM AETHAPOAMUHOKUCAOT U XHPAABHOI'O
BCIIOMOTAQTeABHOrOo peareHra BPB. KoMIIAeKCBI aMHHOKUCAOT (FAWMIIMHA U
anaHWHA) UCIIOAB30BAAUCH B PEaKIIUAX IAEKTPOPUABHOTO C-aAKUAMPOBAHUS
AMHUHOKHUCAOTHOT'O OCTaTKa C 0Opa3oBaHUEM 0-3aMeIl[eHHBIX (-aMUHOKUCAOT,
a KOMIIAEKCHl AeTUAPOAMMHOKMCAOT (AeTMApPOAAQHUHA U AeTHAPOaMHHOMAC-
ASHOU KHUCAOTEI) — B PeaKOusaX HYKACO(UABHOTO IIPUCOEAMHEHUS II0 Mu-
XadAl0 ¢ oOpa3oBaHUeEM [-3aMelleHHBIX 0-aMUHOKHUCAOT.

B pesyabTare mccaepOBaHUM yAAAOCH CHHTE3UPOBATH Pa3AWMYHEBIE O- U f3-
3aMellleHHble 0-aMHUHOKUCAOTBEI C COAEp’XKaHHEeM 3aMeCTHUTeAell B OOKOBOM
PajAUKaAe; CTEPeOCEeAEKTUBHOCTE CUHTEe3a IIPU 3TOM IpeBbmaeT 90%.

AHann3 AUTepaTypHBIX AQHHBIX ITOKA3bIBAET, YTO B IIOCAEAHEe BpeMd B
hapMUHAYCTPUM OCOOBIM HMHTepeC IIPEACTaBASIOT HeHacCHIIIeHHBIEe 0-aMHHO-
KHCAOTH], IIO3TOMY IIepep HaMHu OblAa ITIOCTaBAE€HA 3ajada UCIOAB30BATh YHU-
KaAbHBIE crocobHocTU xuparbHBIX Ni(Il) KommaekcoB ocHoBauus Lludda
aMUHOKUCAOT U BPB aAAg BHeppeHUS HeHACHIIIEHHBIX CBI3eM B OOKOBYIO
TPyINy aMIHOKUCAOTHOTO OCTaTKa. AAg 3Toro nyTeM C-aAKUAMPOBAHUS T'AU-
nmuHoBoro ocrtaTka Ni(Il) kommaekca ero ocHoBaHus llludda ¢ BPB 6biam
TIOAYY€EHBI COOTBETCTBYIOIINE KOMIIAEKCHl IIPOIAPIUATAMIMHA M IIPONApTHUA-
anaHUHA, KOTOPBIE MCIIOAB30BAAMCH B KaueCTBE MCXOAHOTO aMHHOKMCAOTHO-
T'O IIpeALIeCTBEHHUKA AN ITOAYUYEHUS HEHACHIIIeHHBIX (.-aMUHOKUCAOT.

C ucnoan3oBaHueM peakinuu CoHorammpa, Xeka u ['ralizepa U3 KOMII-
AEKCOB IIPOIAPTUATAMIIWHA U NPOIAprUAaAaHMHA CHUHTE3UPOBAAUCH IIPEA-
IIeCTBEHHUKN PAa3AWYHBIX HEHACHIIeHHBIX 0-aMHHOKHCAOT, COAepsKaljue
alleTUAEHOBBIe, AAAMABHBIE U ADYTHe HeHachlllleHHble IPYNIBEL B O0KOBOM Iie-
nu. BeIAM CUHTE3UpOBaHBI TaKKe OMC-aMHMHOKUCAOTHI, COAepiKalllle B Ka-
JecTBe CBS3BIBAIOINErO 3BeHa alleTUAEHOBYIO IPYIITY.

HToro, ¢ uCnoAb30BaHMEM YHHUKAABHBEIX CBOMCTB U 3HAHTUOCIOCOOHOCTU
nAocKo-KBaApaTHBIX Ni(Il) komnaekcoB ocHoBaHus ludrda aMUHOKUCAOT U
XUPAABHOTO KapOOHUABHOTO NPOM3BOAHOTO (S)-mipoamHa [(S)-BPB] 6wniro
CUHTEe3UpPOBaHO 60Aee 150 HOBBIX SHAHTHUOMEPHO UMCTHIX HEOEAKOBBIX (S)-0-
aMHUHOKUCAOT, COAEp KAIIUX arndaTHdecKue, apoMaTuiecKue U TeTepOIUK-
AWYecKUe IPyHIbl pa3HOM NPUPOABI B OOKOBOM PajUKaAe.

ChepyeT OTMETHUTBh, UYTO MCIIOAB30BaHHME TaKWUX JKe€ aMUHOKHUCAOTHBIX
KOMIIA€KCOB Ha OCHOBE XUPAAbHOTO NPOU3BOAHOTO (R)-mmpoamHa [(R)-BPB]
TIO3BOAUT OCYIIECTBUTH aCUMMETPUYECKUN CHHTe3 aHAAOTHUYHBIX HeOeAKo-
BBIX 0-@MUHOKHCAOT (R)-abCOAIOTHOM KOH(UTYPAILUN.

Ha ocHoBaHMU NHOAYUYEHHBIX AQHHBIX OBIAA pa3paboTaHa 3(pdeKTUBHaA
TEXHOAOTHSI IIPOM3BOACTBA OITUUYECKM AKTUBHBIX HEOEAKOBBIX O-aMHUHOKUC-
AOT.

PaszpaboTaHHas TeXHOAOIMS BHEADPEHA HA OIBITHO-IIUAOTHOM YCTAHOBKE
Hay4yHO-IIpOM3BOACTBEHHOTO IIeHTPa «APMOMOTEXHOAOTHSI» W OPTraHH30BaHO
MaAOTOHHA>XHO€ ITPOU3BOACTBO OITHYECKHU aKTUBHBIX HEOEAKOBHIX 0-aMHHO-
KUCAOT.

OpHOBpEMEHHO MPOBOAUAUCE MEAUKO-OMOAOTHMYECKHEe HCCAEAOBAHUSA
CUHTE3UPOBAHHBEIX HOBBIX coepWHeHUM. CKPUHUHT CHHTE3MPOBAHHBIX He-
OeAKOBBIX @MUHOKUCAOT U IIENTUAOB Ha UX OCHOBe BBIIBUA COEAUHEHUs, 00-
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AaApQIolIye IIeABIM PSIAOM OHMOAOTMYEeCKMX CBOUCTB. Cpeau COepAVHEHUN,
MIPOSIBASIIOIIVX CHUABHYIO AQHTHOAKTePHUAaAbHYIO aKTHUBHOCTH, MOJKHO BBIAE-
AUTh, HaOpuMep, aMHUHOKUCAOTHI (S)-B-[4-arrma-3-(dypaH-2-1A)-5-THOKCO-
1,2,4-Tpuason-1-un]-a-araHuH, (S)-B-[4-arrma-3-(2'-xr0poeHUA) -5-THOKCO-
1,2,4-rpuazon-1-un]-a-arauua u (S)-p-[4-arrun-3-(mupupnH-3'-MA)-5-THOKCO-
1,2,4-Tpua3on-1-un]-0-araHUH, a TakXe AUNENTHUABI N-dopMua-(S)-MeTHO-
HUA-(S)-B-[4-aAAnA-3-TIPONIUA-5-TUOKCO-1,2,4-Tpua3on-1-un]-a-anauud U N-
dopMUA-(S)-MeTHOHUA-(S)-B-[4-PeHUA-3-TPOIUA-5-TUOKCO-1,2,4-Tpra3oa-1-
HUA]-0-aAaHUH.

Ilpu uccaep0BaHUM MyTareHHBIX/aHTUMYTareHHBIX CBOMCTB COeAUHEeHUM
OLINO ITOKA3aHO, YTO TPUIENTHUABI N-(OPMUA-(S)-METHOHUATAUIUA-(S)-B-[4-
(peHUA-3-TIPONUA-5-TUOKCO-1,2,4-Tpua3oAn-1-ua]-o-araHUH, (S)-B-[4-arun-3-
(mupupuH-4'-UA)-5-THOKCO-1,2,4-Tpra3on-1-Un]-o-araHUH ¥ aMHHOKHCAOTA
(S)-B-[4-arun-3- (mupupmnH-4'-1A)-5-THOKCO-1,2,4-Tpra3on-1-UA]-o-araHUH TaK-
JKe TOBBIIIAIOT 4acToTy crnoHTaHHBIX u HI (N-umemun-N’-numpo-N-numposzozya-
HUOuH) WHAYIITUPOBAHHBIX MyTallli B HECKOABKO Pas.

Cpear HOBBIX CUHTETUYECKUX aMHUHOKUCAOT U IMENTHUAOB BLISBACHHI TaK-
>Ke MHTUOUTOPHI HEKOTOPHIX (PEPMEHTOB, BKAIOUAs WHTHUOUTOPHI CEPUHOBBIX
IpoTea3 U MEeTAAAOIIPOTeas.

Mannon pabome npucyycoena I'ocyoapcmeennas npemus Pecnybonuku Ap-
menusa 3a 2015 200 6 odnacmu mounbIX U eCIMECHEEHHBIX HAVK.
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