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A method for the synthesis of a new enantiomerically enriched (S)-2-amino-8-hydroxy-octa-
4,6-diynoic acid using the Glaser reaction has been developed. Ni(ll) Schiff base complex of
propargylglycine and a chiral auxiliary agent (S)-2-N-[N’-(benzylprolyl)-amino]benzophenone was
used as the starting synthon.The enantiomeric excess (ee) of the isolated target amino acid exceeds
98%.

Table 1, references 10.

Non-protein amino acids have completely different application areas [1].
In humans, they play an important role as intermediate metabolic products,
for example, in the biosynthesis of the neurotransmitter of gamma-
aminobutyric acid (GABA) [2]. Many amino acids are used to synthesize
other molecules, for example: tryptophan is a precursor of the
neurotransmitter  serotonin  [3]. L-Tyrosine and its predecessor,
phenylalanine, are precursors of the neurotransmitters dopamine, adrenaline
and norepinephrine of catecholamines [4]. Glycine is the precursor of
porphyrins [5]. Some non-protein amino acids are used by plants to protect
against herbivores. For example, canavanine is an analogue of arginine,
which is found in many legumes and in particularly large quantities in
Canavalia gladiata (xiphoid canal) [6]. This amino acid protects plants from
predators, for example insects, and when some untreated legumes are used
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they can cause diseases in humans and poisoning in animals grazing in the
areas of these plants growing [7].

Non-protein amino acids, which are derivatives of protein amino acids,
contain radicals of different nature in the side group, as for example,
acetylene, olefin, aromatic, heterocyclic substituents. Among these amino
acids there is a large class of unsaturated amino acids that are considered to
be valuable synthetic compounds in the field of organic chemistry. For
example, studies of the biological activity of propargylglycine have shown
that it strongly inhibits the growth of Saccharomyces cerevisiae and to a
lesser extent, E. coli; it also acts as an amylase suppressor and activates
pyridoxal phosphate-dependent enzymes [8].

This paper reports on the synthesis of a new unsaturated amino acid
containing two acetylenic groups linked by a C-C bond (see Scheme).
Ni''complex of the Schiff base of (S)-propargylglycine and chiral auxiliary
(S)-BPB (1) was used as the initial amino acid synthon, and propargyl
alcohol was used as the second terminal agent. Complex 1 was synthesized
according to the previously developed method [9].
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To determine the optimal conditions for the Glaser reaction of complex
1, various systems (solvent and base) CH3;CN/K,CO3;, CH3CN/NaOH, 1,4-
dioxane/K,COs3, 1,4-dioxane/NaOH, 1,4-dioxane/triethylamine  were
investigated. The reaction was carried out both at room temperature and
when heated to 120°C and with periodic air supply. The reaction was
monitored by TLC [SiO;, CH3;COOC,Hs/CH3;COCH3=5/1] by the
disappearance of traces of the starting complex 1 and the formation of
products 2. The results are shown in Table.
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Table

Cross-coupling reaction of complex 1with propargyl alcohol

. Duration Che_mlca
Solvent Basis, (eq.) h ’ T,°C | lyield,
our 0 *
CH3CN K,COs3 (3) 4 20 <5
CH3CN K,CO;s (5) 4 100 15
1,4-dioxane K2CO; (3) 6 45 10
1,4-dioxane NaOH (3) 6 60 5
1,4-dioxane NaOH (5) 8 120 7
1,4-dioxane Triethylamine™ 7 60 50
1,4-dioxane Triethylamine™ 10 120 | 60-65

The ratio of the original complex / CuJ/HC=C-CH,-OH = 1/1/3

* — Chemical yield was determined according to TLC, according to the ratio
of the original and the resulting complex

** _ for 1 g of the initial complex 10 ml of 1,4-dioxane and 10 ml of
triethylamine

As follows from the data of Table, the best results on the degree of
conversion of the starting complex 1 were recorded in dioxane with heating
and an excess of triethylamine base.

Isolation and purification of the target amino acid from the reaction
mixture of the alkylated complex 2, was carried out according to the
standard procedure. The enantiomeric excess (ee) of the isolated amino acid,
according to chiral HPLC, exceeded 99%.

Thus, as a result of the research, a new enantiomerically enriched (S)-2-
amino-8-hydroxy-octa-4,6-diynoic acid (3) containing bis-acetylene bonds
was obtained.

Experimental part

The H and **C NMR spectra were recorded on a Mercury 300 Varian
instrument (300 MHz). Optical rotation was measured on a Perkin Elmer
polarimeter, and the enantiomeric purity of the amino acid was determined
by HPLC analysis using a chiral phase of the “Diaspher-110-Chirasel-E-PA”
type 6.0 um, column 4.0x250 mm. The melting point was measured on a
“Stuart SMP3” instrument. We used amino acid and other reagents from
Aldrich and Reahim.

The technique of cross-coupling reaction. To 1 g (0.002 mol) of
complex with 0.384 g (0.002 mol) of copper iodide in 10 ml of 1,4-dioxane,
10 ml of triethyl amine and 0.345 ml (0.006 mol) of propargyl alcohol were
added.The mixture was stirred while heating to 110-120°C.The reaction was
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monitored by TLC [SiO,, CH3;COOC,Hs/CHCI; (3/1)] following the
disappearance of traces of the initial complex 1. After completion of the
reaction, the mixture was extracted with CHClj3, concentrated, the complex
was purified by column chromatography [SiO,, 3x20 cm,
CH3;COOC,Hs/CHCI; (3/1)].

Complex 2. Yield 66.6%. Calcd for Ca3H 9N3NiO, (589.15): C 67.14; H
4.95; N 7.12. Found: C 67.06; H 4.82; N 7.08. Mp. 229 °C. [a]p?=+2447.3°
(c 0.15, CH30H)."H NMR (CDCls, d, J/Hz.): & = 2.04-2.17 (2H, m, v,8-H
Pro); 2.33 (1H, w,dd, J=17.8, 7.9, CH,CH); 2.41-2.55 (1H, m, B-H Pro);
2.75 (1H, wd, J=17.8, CH,CH); 2.90-3.02 (1H, m, B-H Pro); 3.20 (1H, br.
OH); 3.52 (1H, dd, J=10.8, 6.1, a-H Pro); 3.56-3.67 (2H, m, vy, &-H Pro);
3.63 (1H, d, J=12.5, CH,Ph); 4.02 (1H, dd, J=7.9, 1.9, CHCH,); 4.42 (1H, d,
J=12.5, CH,Ph); 4.23 (2H, ws, OCH,); 6.66 (1H, dd, J=8.2, 2.2, CsH,); 6.69
(1H, ddd, J=8.2, 6.4, 1.1 C¢H,); 7.03 (1H, br.d, J=7.4, Ar); 7.17 (1H, ddd,
J=8.6, 6.4, 2.2, CsHy,); 7.19 (1H, br. t, J=7.4, Ph); 7.26-7.30 (1H, m, Ar);
7.32-7.39 (2H, m, Ph); 7.45-7.56 (3H, m, Ar); 8.08-8.12 (3H, m, Ar); 8.13
(1H, dd, J=8.6, 1.1, C¢H4). °C NMR (75.5 m.d., Hz, CDCls): § = 23.9 (y-
CH; Pro); 24.3 (CH,C=C); 30.7 (B-CH, Pro); 51.2 (CH,OH); 57.7 (5-CH,
Pro); 63.9 (CH; Ph); 67.0 (CH); 70.2 (C=C); 70.8 (CH) 71.4 (C=C); 75.8
(C=C); 77.4 (C=C); 120.9 (4-CH CgH,); 124.0 (6-CH CgHy); 126.3; 126.8
(CH); 127.8 (CH); 129.0 (3.3[1-CH Ph); 129.0 (CH); 129.2 (CH); 129.3
(CH); 130.1 (CH); 131.7 (2.2(1-CH Ph); 132.6 (3-CH Cg¢Hy); 133.5 (5-CH
CeH,); 133.6; 134.2; 142.9; 172.0; 178.6; 180.6.

Isolation of the target amino acid from the complex was carried out
according to the standard procedure [10]. To do this, 5 ml of CH3;OH was
added to the complex and 5 ml of an aqueous solution of 2N HCI was added
to the mixture with stirring and heating to 50°C. After the red color,
characteristic of these complexes, disappeared from the solution, the initial
chiral auxiliary reagent (S)-BPB was extracted with chloroform. The
aqueous fraction was subjected to ion exchange purification using cation
exchange resin Ku-2x8 in the H* form (eluent 8% NH,OH), the ammonia
eluate was concentrated under vacuum.

(S)-2-Amino-8-hydroxy-octa-4,6-diynoic acid (3) Yield 48%. Calcd.
forCgHgNO; (167.07), C, 57.48; H, 5.43; N, 8.38. Found: C 57.42; H 5.42; N
8.51. Mp. 202 °C, [a]p® =+77.3° (¢ 0.15, HCI). *H NMR (D-0, 5, m.d., Hz):
0 =64.37 (2H, t,J = 0.9, CH,-OH), 4.01 (1H, t, J = 5.6, CH), 3.06 (2H, d, J
=5.6, CH,).
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Pa3paboran MeTO CHHTE3a HOBOW IHAHTHOMEPHO oboramieHHOi (S)-2-amuHO-8-
THIPOKCHOKTA-4,6- TMHHOKHUCIIOTHI ¢ IOMOIIBIO peakuuu [ mazepa. B kagecTBe ncxomHo-
ro cunToHa 061 ucnonb3oBad Ni(ll) kommnexke ocnoBanus udda npomaprunriuiHa
U XUPAIBHOTrO BcroMorarenbHoro pearenra (S)-2-N-[N’-(6ensunnposnin)-aMuHo |6eH-
30(heHOHa.

B Hacrosmei#t pabote coodmaercss 0 CHHTE3¢ HOBOW HEHACHIIIIEHHOW aMUHOKHCIIO-
TBI, COJIepKaIell JBE alleTWICHOBBIE rpynibl, coequaeHHsle C-C cBs3pro. Hammyumme
pe3yNbTaThl MO CTENEHH KOHBEPCHH HMCXOIHOTO KOMIUIEKCa ObUTM 3a()MKCHPOBAaHBI B
cpezie IMOKCaHa MPH HAarpeBaHUU M U30bITKE OCHOBAHMUS TPUATHUIIAMHHA.

CTepeoceneKTUBHOCTh cuHTe3a cocTaBisieT 90-92%, a CcTeneHb YHCTOThI CHHTE3U-
POBaHHOH IIEJIEBOW aMHHOKHUCIIOTHI MpeBbImaeT 95%. CTpykTypa u abcomoTHas KOH(H-
rypanus CHHTE3UPOBAHHOW aMHHOKHCJIOTHI M HPOMEXYTOYHOIO KOMILIEKCa OIpeese-
HBI COBPEMEHHBIMH METOJIaMU (PM3MKO-XMMHUUYECKOTO aHAM3A.
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