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A method for the synthesis of a-bis-alkyl substituted derivatives of glycine by means of C-
alkylation of the amino acid moiety of Ni"-complex of Schiff base of glycine with a chiral auxiliary
reagent (S)-2-N-[N’-(benzylprolyl)amino]benzophenone (BPB) by propargyl-, allyl-, 2-bromobenzyl-
and 4-fluorobenzyl bromides under conditions of base catalysis has been developed.

Tables 2, references 15.

a-Amino acids of non-protein origin, as irreversible inhibitors of enzymes with
high specificity and duration of action, are widely used in medicine, pharmaceutical
chemistry, microbiology and other fields of science and technology [1-4]. In a series
of non-proteinogenic amino acids, a-alkyl substituted a-amino acids that have strong
antihypertensive, antiseptic and antitumor activities [5-8] are of certain interest.
Among them halogen-containing aromatic ring derivatives of phenylalanine and its
a-alkylated analogs occupy a special place [9, 10]. Amino acids containing
unsaturated groups (acetylene, allyl, etc.) in the side radical [11, 12] can have
important pharmacological properties. There is a limited number of acetylenic amino
acids, mainly isolated from fungal cells, which have an inhibitory effect on many
enzymes [7]. For example, (S)-2-aminobut-3-ynic acid (propargylglycine) isolated
from the fungi Steroptpmyces catenula, inhibits the action of Saccharomyces
cerevisiae and Esherichia coli cells; it is an inhibitor of amylase synthesis, an
activator of pyridoxalphosphate-dependent enzymes [8] and is a component of
antibiotic FR 900130 [9].

Earlier, to obtain a-substituted a-amino acids, the unique properties of square-
planar Ni" complexes of Schiff base of amino acids and chiral auxiliary (S)-2-N-[N’-
(benzylprolyl)amino] benzophenone (BPB) were used. Due to high CH-acidity of
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the a-carbon atom of the amino acid moiety of these complexes, its C-alkylation by
alkyl halides resulted in the asymmetric syntheses of a wide range of a-
monosubstituted a-amino acids (glycine, alanine, etc.) containing different alkyl
substituents in the side radical [13].

This paper reports on the synthesis of achiral a,a-disubsituted glycine analogs
with the propargyl, allyl, 2-bromobenzyl, 2-fluorobenzyl and 3-fluorobenzyl groups
in the a-position, by bis-alkylation of the glycine moiety of the Ni" complex of its
Schiff base with chiral auxiliary (S)-BPB (Scheme). To obtain achiral bis-alkylated
glycine derivatives, the reactions of both stepwise monoalkylation of the amino acid
moiety of complexes 1 and 2 (a-€) (path A), and direct bis-alkylation of the glycine
moiety of complex 1 (path B) were studied.

Scheme
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Complexes 2(a-e) were obtained from complex 1 according to the previously
developed procedure [12,14]. Propargyl bromide (a), allyl bromide (b), 2-
bromobenzyl bromide (c), 2-fluorobenzyl chloride (d) and 3-fluorobenzyl bromide
(e) were used as alkylating agents.

The alkylation reactions were tested in DMF/KOH, DMF/NaOH,
CH,CI,/NaOH, THF/NaOH and CH;CN/NaOH at both room temperature and under
heating to 55°C. To define the optimal conditions for alkylation on the example of
propargyl bromide condensation (a) to complex 1, different stoichiometric ratios of
the substrate, alkylated reagent and base were studied. Investigations have shown
that the optimal conditions for the alkylation reaction of complex 1 are: DMF as a
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medium, NaOH
1/base/alkylating agent = 1/3/1.5 (see Table 1, exp. 9).

— as a base,

room temperature,

the

ratio of complex

Table 1
Results of alkylating complex 1 by propargyl bromide (a) under different
conditions*
No. Quantity Medium Base Reaction T | Chemical
Br-CH,- (equiv.) time °C yield
C=CH(equiv.) (min.) (%) **

1 1.2 CH3CN | NaOH (3) 120 60 <20

2 3 CH3;CN | NaOH (5) 120 20 <20

3 1.2 CH5CN KOH (3) 60 60 <20

4 1.2 CH5CN KOH (5) 60 20 <20

5 1.2 CH,CI, | NaOH (5) 120 20 25

6 1.2 CH,Cl, | NaOH (3) 45 40 25

7 15 DMF KOH (3) 70 20 42

8 1.2 DMF NaOH (3) 30 60 55

9 1.2 DMF NaOH (3) 60 20 92

10 1.2 DMF NaOH (5) 60 20 62
11 1.2 DMF KOH (3) 60 20 74
12 1.2 THF NaOH (3) 100 20 <20
13 1.2 THF NaOH (5) 60 60 <20
14 1.2 THF KOH (5) 70 60 <20

“The reactions were carried out in the argon atmosphere, ~"chemical yield is
based on the TLC data and the isolated quantity of the alkylated complex (after
crystallization from methanol)

The course of the alkylation reaction was monitored by TLC [SiO,,
C,HsCOOCH,/CH3COCH3(3/1)]. For quantitative assessment of the alkylation
reaction, the TLC data were used, and for more successful TLC-based reactions,
chemical yields were determined on the basis of the amount of isolated alkylated
complexes after crystallization from methanol (Table 1, exp. 7-11).

A quantitative characteristic of the C-alkylation reaction of the amino acid
moiety of complexes 1 and 2 (a-€) is shown in Table 2.
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Table 2

The results of alkylation of complexes by different alkyl halides
in DMF in the presence of NaOH at room temperature*

No. Alkyl halide Chem. yield of bis-alkylated complexes (%)
Bis-alkylated Path A Path B
complexes *x
1 HC==C—CHBr (3 3a 83 (92) 45
)
2 H,C==CH—CH_Br ( 3b 80 (89) 48
b)
3 QCHZBF 3c 73 (82) 44
Br (C)
4 Q CHyBr 3d 68 (76) 46
F (d)
5 Qﬁ 3e 72 (84) 48
CH,Br
F (e
)

“Chemical yield of bis-alkylated complexes based on the initial amount of the glycine
complex (1), ** in parenthesis is the chemical yield of bis-alkylated complexes 3(a-e)
after crystallization based on the amount of complexes 2(a-e) (path A, stage 2).

Both the stepwise alkylation of the amino acid moiety of complexes 1 and 2 (a-
e) (path A) and the direct bis-alkylation of complex 1 (path B) were conducted
under specially selected optimal conditions for the alkylation reaction (See Table 1,
exp. 9). However, in the case of direct bis-alkylation of the glycine complex, the
alkylating agent and the base were taken in about double excess.

As follows from the data of Table 2, for almost all alkylating agents, bis-
alkylation of glycine complex 1 proceeds most quantitatively with the method of
two-step alkylation (path A) than in the case of the direct bis-alkylation of the
glycine complex (path B). In the case of using the method of direct bis-alkylation of
the glycine moiety of complex 1, up to 30% of a side fraction, less mobile on the
SiO,, is formed with an unusual for these complexes dark color (oxidation products).
Similar was also observed earlier in the study of the reaction of bis-alkylation of
complex 1 by methyl iodide [14].

The main o,a-dialkyl-substituted 3(a-e) complexes with a relatively large R¢
value on the SiO, were isolated from the reaction mixture by crystallization from
methanol and characterized by physicochemical analysis methods (see Experimental
Part).
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To isolate the target a,a—bis-alkylated glycine analogs, preparative experiments
using the two-step stepwise alkylation method (path A) were carried out and the
samples of 3(a-e) complexes were obtained. Decomposition of 3(a-€) complexes and
isolation of the target a,a—dialkyl-substituted glycine derivatives 4(a-e) were carried
out according to a standard procedure [15]. The structures of the synthesized new
achiral analogs of glycine were investigated and established by spectral analysis
methods (see Experimental Part).

Thus, an efficient method for obtaining achiral o,a-bis-alkylated analogs of
glycine by C-alkylation of glycine in the chiral Ni" complex of its Schiff base with
(S)-BPB by alkyl halides has been developed. For the first time the following
complexes were synthesized - o, a-dipropargyl glycine (4a), a.,o-diallylglycine (4b),
o, a-di-(2-bromobenzyl)glycine (4c),a,a-di-(2-fluorobenzyl)glycine (4d) and o,o-
di-(3-fluorobenzyl)glycine (4e). The presence of acetylene, allyl and aromatic
groups in the side radical of the synthesized amino acids allows makes it possible to
use them as initial synthons in the reactions of Suzuki, Heck, Sonogashira to obtain
more complex unsaturated amino acids.

The preliminary medicobiological screening of the obtained samples proves that
the synthesized amino acids can serve as potential enzyme inhibitors of the amylase
class.

Experimental Part

'H NMR and *C NMR spectra were recorded on a “Mercury-300 Varian” (300
MH?z), the melting point was measured on a “StuartSMP3” device. Amino acids and
other chemical reagents produced by “Aldrich” and “Reachim” were used in the
work.

Complex Ni"-(S)-BPB-Gly (1) was obtained according to [15], and
monoalkylated complexes 2(a-e) were synthesized according to [13].

General procedure of monoalkylation of complexes 2(a-e) (Path A). To 10 g
(0.018 mol) of complex 2a in 50 ml of DMF were added at room temperature 2.2 g
(0.055 mol) of NaOH and 1.9 ml (0.22 mol) of propargyl bromide (a). The reaction
mixture was stirred for 1-1.5 h at room under argon atmosphere. The course of the
reaction was monitored by TCL [SiO,, CH3;COOEt/CH3;COCH3(3/1)] following the
disappearance of the traces of initial complex 2. Upon completion of the reaction,
the mixture was neutralized with CH3;COOH, 100 ml of water was added and the
alkylated product was precipitated from water. The obtained complex 3a was
crystallized from methanol.

Bis-alkylation of complex 1 (Path B). The direct bis-alkylation of the glycine
moiety of complex 1 was carried out according to the afore-mentioned procedure for
monoalkylation of complexes 2(a-e) with the difference that the base and alkylating
agents were taken in a 5-6-fold excess with respect to complex 1, and the reaction
mixture was stirred for 2-3 h. The results are given in Table 2.
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Complex 3a. Yield 90%, mp 217-218 °C. 'H NMR (300 MHz, CDCly): & =
1.99-2.11 (m, 2 H, y-Ha Pro); 2.12 (dd, 1 H, J=17.2, J=2.7, CH,C=); 2.20 (dd, 1 H,
J=17.2, J=2.5, CH, C=); 2.38 (1,1 H, J=2.5, =CH); 2.46-2.65 (m, 2 H, B-CH,Pro);
2.61 (t, 1 H, J=2.7, =CH); 2.67 (dd, 1 H, J=17.0, J=2.7 CH, C=); 2.73 (dd, 1 H,
J=17.2, J=2.5 CH, C=); 3.40 (dd, 1 H, J=10.7, J=5.9 a-HPro); 3.50 (d, 1 H, J=
12.5, CH,Ph); 3.46-3.59 (m, 1 H, 8-HyPro); 3.71-3.78 (m, 3-CH,Pro); 4.47 (d, 1 H,
J=12.5, CH,Ph); 6.57-6.65 (m, 2 H, H-3,4, CsH,), 7.09 (ddd, 1 H, J=8.6, J=4.8,
J=3.7, H-5 CgHy); 7.17-7.26 (m, 2 H, H-Ar); 7.33-7.45 (m, 3 H, H-Ar); 7.48-7.55
(m, 2 H, H-Ar); 7.67-7.73 (m, 1 H, H-Ar); 7.90 (d, 1 H, J=8.6, H-Ar); 8.37-8.41 (m,
2 H, H-Ar); °C NMR (75 MHz, CDCls): & = 23.2 (y- CH,Pro); 29.2 (CH,); 30.9 (B-
CH_Pro); 31.9 (CHy); 58.3 (3-CHj, Pro); 64.5_(CH,Ph); 70.8 (a-CHPro); 77.1 (Cq);
79.1 (=CH), 79.7 (CH, C=); 120.7 (C-4 C¢H,); 124.3 (CH-6 CgHy); 127.5, 127.7,
128.1, 128.3, 128.8 (CH-Ar); 128.9 (3,3’-CHPh); 129.0, 130.0, 131.7 (CH-Ar);
131.8 (2,2-CHPh); 133.4, 134.4, 136.3, 142.1 (C); 172.8 (C=N-), 180.6, 180.8
(C=0).

Complex 3b Yield 87%, mp 203-204 °C. 'H NMR (300 MHz, CDCly): § =
1.96-2.12 (m, 2 H, y-Ha Pro); 2.19 (ddt, 1 H, J=14.5, J=6.6, J=1.2, CH, CH=CH,);
2.33-2.54 (m, 4 H, CH, CH=CH, i B-H,Pro); 2.62-2.73 (m, 1 H, p-H,Pro); 3.25-3.42
(m, 1 H, y-Hy,Pro); 3.40 (dd, 1 H, J=10.7, J=5.9 a-HPro); 3.58 (d, 1 H, J= 12.5,
CH,Ph); 3.65-3.72 (m, 1 H, 8-HyPro); 4.38 (d, 1 H, J=12.5, CH,Ph); 5.24(ddt, 1 H,
J=17.2, J=1.6, J=1.3, =CH,); 5.31 (ddt, 1 H, J=10.5, J=1.6, J=1.3, =CH,); 5.38 (ddt,
1 H,J=17.1, J=1.6, J=1.3, =CH,); 5.49 (ddt, 1 H, J=10.3, J=1.6, J=1.2, =CH,); 5.80
(ddt, 1 H, J=17.1, J=10.5, J=6.6, =CH); 6.62 (ddt, 1 H, J=17.2, J=10.3, J=6.6,
=CH); 6.57-6.63 (m, 2 H, H-3.4, CgHy), 7.05-7.09 (m, 1 H, H-Ar); 7.11 (ddd, 1 H,
J=8.7, J=5.5, J=3.0, CeHy); 7.22-7.28 (m, 1 H, H-Ar); 7.37-7.54 (m, 6 H, H-Ar);
7.95 (d, 1 H, J=8.7, H-Ar); 8.16-8.21 (m, 2 H, H-Ar); **C NMR (75 MHz, CDCl): &
= 23.3 (y- CH,Pro); 30.9 (B- CH,Pro); 42.5, 44.2 (CH, CH=CHy); 57.8 (8-CH, Pro);
64.2_(CH,Ph); 70.9 (a-CHPro); 81.7_(C-Alyl,), 119.0, 119.7 (=CH,); 120.7 (C-4
CeH.); 124.3 (CH-6 CgH,); 127.2, 127.9 128.0, 128.6, 128.7 (CH-Ar); 129.0 (3,3’-
CHPh); 129.1, 129.8, 131.6(CH-Ar); 131.7 (2,2°-CHPh); 132.4, 132.7, 133.2 (CH-
Ar); 134.3, 136.8, 141.9, (C); 172.8 (C=N-), 180.6, 180.8 (C=0).

Complex 3c. Yield 78%, mp 231-232 °C. *H NMR (300 MHz, CDCly): & =
1.68-1.79 (m, 1 H, y-Ha Pro); 2.01-2.13 (m, 1 H, 5-HPro); 2.25-2.46 (m, 3 H, y-Hs
u B-Ha, Pro); 2.44 (d, 1 H, J=18.0, CH, CsH4Br); 3.20 (d, 1 H, J=18.0, CH,
CeH.Br); 3.22-3.28 (m, 1 H, 8-HPro); 3.39 (d, 1 H, J=14.4, CH, C¢H,Br);3.41 (dd, 1
H, J=9.0, J=7.2, 0-CHPro); 3.49 (d, 1 H, J=12.6, CH,Ph); 3.72 (d, 1 H, J=14.4, CH,
CeH.Br); 4.39 (d, 1 H, J=12.6,CH,Ph); 6.33 (d, 1H, J=7.8, C¢Hs ); 6.43-6.55 (m, 2
H, H-3.4, CgHy), 7.04-7.18 (m, 3H, H-Ar); 7.20-7.29 (m, 3H, H-Ar); 7.33-7.51 (m, 6
H, H-Ar); 7.56-7.64 (m, 2 H, H-Ar); 7.70-7.76 (m, 2 H, H-Ar); 8.04-8.16 (m, 3 H,
H-Ar). *C NMR (75 MHz, CDCly): § = 23.4 (y- CH,Pro); 30.9 (B- CH.,Pro); 46.5
(CH, CgH,Br); 47.2 (CH, CgH,Br); 58.1 (8-CH,, Pro); 64.1 (CH,Ph); 70.5 (a-CPro);
80.9_(C-CH, CgH4Br), 120.5 (C-4 CgHy); 123.9 (CH-6 CgH,); 125.8, 126.5126.7,
127.3, 127.6 (CH-Ar); 127.8 (3,3’-CHPh); 127.9, 128.0, 128.2, 129.0, 129.6 (CH-
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Ar);131.6 (2,2’-CHPh); 131.9, 133.2, 133.6, 133.7, 133.8 (CH-Ar); 133.9, 136.3,
136.4, 137.4, 1425 (C); 172.6 (C=N-); 178.0, 180.3 (C=0).

Complex 3d. Yield 72%, mp 227-228 °C. 'H NMR (300 MHz, CDCl,): & =
1.57-1.72 (m, 1 H, y-Ha Pro); 2.01-2.32 (m, 4 H, 3-H, y-Hs u B-Ha, Pro); 2.53 (d, 1
H, J=17.7, CH, C¢H4F); 3.02 (d, 1 H, J=14.6, CH, CgH4F); 3.18 (d, 1 H, J=17.7,
CH; CgH4F); 3.19-3.28 (m, 1 H, 8-HPro); 3.33 (dd, 1 H, J=9.3, J=7.4, a-CHPro);
3.40 (d, 1 H, J=14.6, CH, C¢H,F); 3.43 (d, 1 H, J=12.6, CH,Ph);4.36 (d, 1 H,
J=12.6,CH,Ph); 6.50 (dd, 1 H, J=85J=21 C¢H, ); 653 (ddd, 1 H,
J=8.5,0=6.4,J=1.1 C¢H,); 6.64 (dt, 1 H, J=7.8,J=1.4 C¢H, ); 7.03-7.11 (m, 2 H, H-
3.4, H-Ar); 7.16-7.25 (m, 4 H, H-Ar); 7.28-7.53 (m, 8 H, H-Ar); 7.72-7.79 (m, 1 H,
H-Ar); 7.83 (td, 1 H, J=7.6, J=1.6 H-Ar); 7.99-8.06 (m, 3 H, H-Ar). *C NMR (75
MHz, CDCls): 8 = 23.1 (y- CH,Pro); 30.8 (B- CH,Pro); 39.5 (CH, C¢H4F); 40.6 (CH,
CeH4F); 58.0 (3-CH,, Pro); 63.9_(CH,Ph); 700 (a-CHPro); 79.8_(C-CH, CgH4F),
1152 (d, J=22.1C¢H.F); 115.9 (d, J=23.0C¢H.F); 120.4 (CHCgH,); 123.6
(CHCgH,); 124.0 (d, %J=15.8CsH,F); 124.1 (d, J=3.8CsH,F); 124.8 (d, J=3.2CcH.F);
125.1 (d, 2J=14.7CgH4F); 127.1 (d, J=6.3CsH4F); 127.4, 127.9 128.0, 128.2, 128.3
(CH-Ar); 129.0 (3,3’-CHPh); 129.3 (d, J=8.2C¢H,F); 129.6 (CH-Ar); 129.9 (d,
J=4.0CgH4F); 131.6 (2,2’-CHPh); 131.8, 133.2 (d, “J=4.5C¢H,F); 133.6, 133.9 (CH-
Ar); 136.7, 142.4 (C); 161.0 (d, *J=246.0CsH4F); 162.3 (d, J=246.4CF); 173.6
(C=N-), 179.3, 180.3 (C=0).

Complex 3e. Yield 81%, mp 205-206 °C. *H NMR (300 MHz, CDCly): & =
1.62-1.74 (m, 1H, y-HaPro); 1.96-2.36 (m, 4H, B-Ha,b, y-Hb, 8-HaPro); 2.74 (d, 1H,
J=16.9, CH,-Ar); 3.01 (d, 1H, J=14.4, CH,-Ar); 3.12 (d, 1H, J=14.4, CH,-Ar); 3.21
(dd, 1H, J=10.5,J=5.8,a-HPro); 3.25-3.33 (m, 1H, 3-HbPro); 3.29 (d, 1H, J=16.9,
CH»-Ar); 3.29 (d, 1H, J=12.5, CH,-Ph); 4.34 (d, 1H, J=12.5, CH,-Ph); 6.51 (dd, 1H,
J=8.4, 1.7, H-C¢H,); 6.56 (dd, 1H, J=8.4, J=6.8, J=1.1, H-CsH,); 6.96-7.21 (m, 8H,
Ar); 7.29-7.55 (m, 9H, Ar.); 7.84 (dd, 1H, J=8.7, J=1.1, H-C4H,); 8.04-8.08 (m, 2H,
H-Ph). *C NMR (75 MHz, CDCly): 8 = 23.0 (y-CH,Pro); 30.7 (B-CH,Pro); 45.1
(CH,-Ar); 46.0 (CH,-Ar); 58.5 (8-CH,Pro); 64.3 (CH,-Ph); 70.1 (a-CHPro); 80.5
(C-CH,-Ar.); 113.6 (d, Jcr=21.0, CgH4F); 114.5 (d, Jcr=20.9, CsH4F); 116.2 (d,
JeF=21.6, CH,F); 118.2 (d, Jo£=21.1, CgH4F); 120.6 (CH-CgHy); 124.2 (CH-CgH,);
125.2 (d, Jc=2.6, CeH4F); 126.7 (d ¢=2.8, CeH4F); 127.4 (CH); 127.6 (CH);
127.9; 128.2 (CH); 128.9 (CH); 129.0 (3,3’-CHPh); 130.0 (d, Jc=8.4, CgH4F);
130.3 (d, Jc£=8.4, CgH4F); 131.6 (2,2°-CHPh); h); 131.7 (CH); 131.9 (CH-CgH.,);
133.5 (CH-Cg¢Hy); 133.7; 136.8; 139.1 (d, Jc=7.3, CgH4F); 139.5 (d, Jce=7.3,
C6H4F), 1425, 163.1 (d, \]C,F=2464y C6H4F), 163.3 (d, \]C,F=24641 C6H4F), 172.7
(C=N-); 179.3; 180.5(C=0).

Isolation of the target amino acids 4(a-e). Decomposition of complexes 3(a-€)
and isolation of o, a-dialkylated analogs of glycine 4(a-e) were carried out according
to the standard procedure [15]. For this, the dry moiety of the complexes was
dissolved in 50 ml of CH3OH and the solution was slowly added to 50 ml of 2N HCI
solution heated to 60°C. After the disappearance of red color, typical for these
complexes, the solution was concentrated under vacuum, 50 ml of water was added
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and the initial chiral auxiliary reagent (S)-BPB was filtered off as hydrochloride.
From the aqueous filtrate, the amino acid was isolated by passing the solution
through an ion exchange column with 100 ml of Ku-2x8 resin in H*-form, and the
resin was washed with 5% NH;OH solution. The ammonia eluate was concentrated
in vacuum and the amino acid was crystallized from a water-alcohol (1/1) solution.
The structure of the obtained a,a-dialkyl-substituted glycine derivatives 4(a-e) was
studied by spectral analysis methods.

>C 2-Amino-2-(prop-2-yn-1-yl)pent-4-ynoic acid. 4a.
HOOC Yield 81%, mp 227-228 °C. *H NMR (300 MHz, DOD): § =

2.53 (t, 2 H, J=2.44, CH,-C=CH); 2.82 (dd, 4H, J=17.7,
J=2.5 CH,-C=CH): *C NMR (75 MHz, DOD): § = 25.5 (CH,-C=CH); 62.2 (C-

CH,-C=CH); 74.3 (CH,-C=CH); 76.8 (CH,-C=CH); 173.0 (C=0).
2-Allyl-2-aminopent-4-enoic acid. 4b.Yield 75%, mp

234-235°C. *H NMR (300 MHz, DOD): & = 2.46 (dd, 2 H,
J=145, J=8.5 CH,-CH=CH,); 2.67 (dd, 2 H, J=14.5, J=6.4
HOOC CH,-CH=CH,); 5.26 (d, 4 H, J=14.5, CH,-CH=CH}); 5.66-

5.78 (M, 2 H, CH,-CH=CH,). *C NMR (75 MHz, DOD): § =

40.1 (CH,-CH=CH,); 63.9 (C-CH,-CH=CH,); 121.5 (CH,-CH=CH,); 130.3 (CH.-
CH=CHy,); 174.8 (C=0).

2-Amino-2-(2-bromobenzyl)-3-(2-bromophenyl)

propanoic acid. 4c. Yield 78%, mp 181-182°C. 'H NMR
(300 MHz, DMSO/CCly): 6 = 3.50 (d, 2 H, J=14.6, CH,
C¢H4BI); 3.68 (d, 2 H, J=14.6, CH, CsH,Br); 7.16 (ddd, 2
HOOC H, J=8.0, J=7.4, J=1.6, CsH,); 7.30 (ddd, 2 H, J=7.7, J=7 4,

J=1.3, C¢H,); 7.54 (dd, 2 H, J=8.0, J=1.3, CgHy,); 7.65 (dd,
2 H, J=7.7, J=1.6, CgH,); 8.92 (m, 3H, NH;, and COOH).
B3C NMR (75 MHz, DMSO/CCly): & = 39.47 (CH, C¢H4Br); 62.6(C- CH, CsH4BI),
125.7 (C-Ar); 127.2,128.5, 132.4, 132.5 (CH-Ar); 133.5 (C-Ar); 170.2 (C=0).
2-Amino-2-(2-fluorobenzyl)-3-(2-fluorophenyl)
propanoic acid. 4d. Yield 70%, mp 228-229°C. 'H NMR
(300 MHz, DOD): 6 = 3.31 (d, 2 H, J=14.7, CH, CgH,F);
3.39 (d, 2 H, J=14.7, CH; CgH4F); 7.04-7.14 (m, 4 H,
C5H4F), 7.22-7.35 (m, 4 H, C6H4F)

2
HOOC

Q‘

2-Amino-2-(3-fluorobenzyl)-3-(3-fluorophenyl)

propanoic acid. 4e. Yield 62%, mp 231-232 °C. 'H NMR
(300 MHz, DOD): 6 = 3.18 (d, 2 H, J=14.6, CH, CgH4F);
3.29 (d, 2 H, J=14.6, CH; C¢H4F); 7.01-7.09 (m, 4 H,
CgH4F); 7.12-7.24 (m, 4 H, CgH4F).

HOOC oHaF) ( oHaF)
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QL P3P ULP a,a-APU-SEALUYULI U WLP UL LU T LUGLELP UPLEEQ
2. 2. UUMb30y, . U. UUA3UL b W &. Uurs23uL

Ugfummmutipred Slnnugmmfly § qypglbf O,0-bplnbyuluyfud wpfpuy bdubulibpp
quudlpuspasts Susboussgup ] : b Quudiap oyl bpugpl wdflinfF @ uyfh uplunnb oqu-
gopdfly & qipglf Nill-(S)-BPB-Gly (1) hnduybpup: Meundiumfipdly § wyy foduybpufs
wiilfiban[FF syl dimgnpf Siblmpnpy whqulupnedp gpopopgpyppedpge (@), wpeen-
dpppm] (b), 2-pprdpklgfyppndfupn (), 2-Gunppligpyppndfpgm] (R) e 3-Gunppbivgfyppn-
dfmgm (e), pugmbu Sunpypupmp dnbmunbygwluydudp wpgll ol Swpmip SbFngbbpn
(A), wyloglons by wiloddfpQuuslpusts (fpustoguunilfyg) bplyunbrguuslpusy dusts Sustowsqup S| (B) :

b[bl["’[’”‘?’[’[ lﬂbllllllilllll.rlllil nbml[g[uuil[i[ﬂl [7["”4‘”2""5‘117[ K DMF/NaOH 4Lulfl.ul[l.u[1—
qnid, wpgnip dfFungnpand, wbipelugpl JhpdwunpSwip wogpdubibpnd: Skyuljuydub
nhuwlghubbph pufugpph Swpdup § Shnkly COR dbfngn]” upyplugbyp [@Fp@lyblpf
i, CH3COOCH5/(CH3)2CO (3/1) nidpsibipfe Quufuljmpynid:

Pugwlu bplned § wpdulnagpfws wpgyniiplbppy, bopunuluSupdop § ufbf@hgh
frpusluitsngliby bl pustp (4) wylpydusts bywbwln, pwbgh dpwdudubulyw (B) bplk-
Surgifuaplyfss (1) hrduygbpups byusghts pusbiulne [Fputs
fsd wnuilipuipin Shfdngn :

Uyusyfruns], uptof@liggiflyy b qpoulypitoncfJyuts dbY sulpupugpdumd qifyfbf 0,0-ppu-ubipu-
fuafusd wnpppusy Ddwsbsslyiiby 2, 2-qfp(mprqupfy) qibgfi, 2,2-gh(wyfy) gifght, 2-wdp-
br-2-(wypriny-2-fii-1-foy )y bitsn-4-y frlsn [Ffdar. (4a), 2-wyfy-2-wdfunmbin-4-baufdfda (4b),
Z-wdfilsn-2-(2-ppmdphlogfy)-3-(2-ppnd $bupy) wypmqu-bufd o (4c), 2-unlfibin-2-(2-Gunp-
phbgfy)-3-(2-Gunp plbfy) ypryquinfFftne (4d) 2-wdplin-2-(3-Gunppbigfy)-3-(3-$unp-
Plitsfy) yprgutsfFfin. (4e).

CHUHTE3 HOBBIX AXUPAJIBHBIX FHC-AJTKUJINPOBAHHBIX
AHAJIOTI'OB I'NIMIIUHA

3.3. MAPJIUSIH *°, A, ®. MKPTUYSIH *° u A. C. CATMSIH

*HayuHO-pOM3BOICTBEHHbIN HIeHTp “ApmOuotexnonorus” HAH PA
Epesan 0056, yn. INopmksna, 14
®axc: (+37410) 654180, E-mail: zmardiyan89@gmail.com
6EpeBchmzu‘/'l rOCyJapCTBEHHBIN YHUBEPCUTET, MHCTUTYT PapManuu
Epesan 0025, yn. A. ManyksHa, 1

Pazpabotan MeToa cHHTE3a O-OucC-aKHI3aMEIICHHBIX TPOW3BOAHBIX TJIMIIMHA
IIyTeEM C-aHKI/IHI/IpOBaHI/Iﬂ AMHMHOKHCIIOTHOI'O OCTaTKa NiII-KOMHHeKca OCHOBAaHHUA
[udda runrHa ¥ XUpaILHOro BeroMoraTeabHoro pearenta (S)-2-N-[N’-(6ensunmpo-
suin)amuHo [0erzodeHona (BPB) mponaprui-, amtmi-, 2-0poMOeH3mI- U 4-GTOpOSH3MI-
OpoMHUIaMH B YCIIOBHSIX OCHOBHOTO KaTajn3a.
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