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Íàìè áûëà èññëåäîâàíà âîçìîæíîñòü ïîëó÷åíèÿ
ýíàíòèîìåðíî ÷èñòîé 3-àìèíîáóòàíîâîé êèñëîòû
ïóòåì ýíàíòèîñåëåêòèâíîãî ãèäðîëèçà ðàöåìè÷åñ-
êîãî ïåíòèëîâîãî ýôèðà 3-àìèíîáóòàíîâîé êèñëî-
òû â ïðèñóòñòâèè ôåðìåíòíûõ ïðåïàðàòîâ
Candida Antarctica (CAL-B) (Novozym 435)
è Õèìîòðèïñèíà. Ýíàíòèîñåëåêòèâíûé ãèäðî-
ëèç ðàöåìè÷åñêîãî ïåíòèëîâîãî ýôèðà 3-àìèíî-
áóòàíîâîé êèñëîòû â ïðèñóòñòâèè Novozym 435
ïðèâîäèò ê îáðàçîâàíèþ 3R-(–)-3-àìèíîáóòàíî-
âîé êèñëîòû ñ âûõîäîì 88% îò òåîðåòè÷åñêîãî è
îïòè÷åñêîé ÷èñòîòîé 86% åå. Âûõîä îñòàòî÷íîãî
ïåíòèëîâîãî ýôèðà 3S-(+)-3-àìèíîáóòàíîâîé
êèñëîòû ñîñòàâèë 28% îò òåîðåòè÷åñêîãî c îïòè-
÷åñêîé ÷èñòîòîé 56% ee. Â ðåçóëüòàòå ïàðöèàëü-
íîãî ãèäðîëèçà ðàöåìè÷åñêîãî ïåíòèëîâîãî
ýôèðà 3-àìèíîáóòàíîâîé êèñëîòû â ïðèñóòñòâèè
õèìîòðèïñèíà îáðàçóåòñÿ 3S-(+)-3-àìèíîáóòà-
íîâàÿ êèñëîòà ñ âûõîäîì 68% îò òåîðåòè÷åñêîãî
è îïòè÷åñêîé ÷èñòîòîé 79% åå. Îñòàòî÷íûé ïåí-
òèëîâûé ýôèð 3R-(–)-3-àìèíîáóòàíîâîé êèñëî-
òû ïîëó÷åí ñ âûõîäîì îò 60% òåîðåòè÷åñêîãî è
îïòè÷åñêîé ÷èñòîòîé 45% åå.

Êëþ÷åâûå ñëîâà: 3-àìèíîáóòàíîâàÿ
êèñëîòà;Novozym 435; ïåíòèëîâûé ýôèð 3-àìè-
íîáóòàíîâîé êèñëîòû; õèìîòðèïñèí; ýíàíòèîñå-
ëåêòèâíûé ãèäðîëèç.

We investigated the possibility of obtaining
enantiomerically pure 3-aminobutyric acid by
enantioselective hydrolysis of racemic pentyl
ether of 3-aminobutyric acid in the presence of
enzyme preparations Candida Antarctica (CAL-
B) (Novozym 435) and Chymotrypsin.
Enantioselective hydrolysis of the racemic pentyl
ester of 3-aminobutyric acid in the presence of
Novozym 435 leads to the formation of 3R-(–)-3-
aminobutyric acid with a yield of 88% of
theoretical and optical purity of 86% ee. The yield
of residual pentyl ester of 3S-(+)-3-aminobutyric
acid was 28% (of theory) and an optical purity of
56% ee. As a result of the partial hydrolysis of
racemic pentyl ether of 3-aminobutyric acid in the
presence of chymotrypsin 3S-(+)-3-aminobutyric
acid is formed with yields of 68% of theoretical
and optical purity of 79% ee. The residual pentyl
3R-(–)-3-aminobutyrate was obtained in yields of
60% (of theory) and optical purity of 45% ee.

Key words: 3-aminobutyric acid; pentyl ester 3-
aminobutyric acid; Novozym 435; chymotrypsin;
enantioselective hydrolysis.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé
ïîääåðæêå Ìèíîáðíàóêè Ðîññèè â ðàì-
êàõ ãîñóäàðñòâåííîãî çàäàíèÿ.
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Ýíàíòèîìåðíî ÷èñòûå 3-àìèíîçàìåùåí-
íûå êàðáîíîâûå êèñëîòû  ÿâëÿþòñÿ âàæíûìè
ñòðîèòåëüíûìè áëîêàìè â ñèíòåçå ôàðìàöåâ-
òè÷åñêèõ ïðåïàðàòîâ è ñðåäñòâ çàùèòû ðàñòå-
íèé 1. Îíè øèðîêî èñïîëüçóþòñÿ â ñèíòåçå
ãèïîãëèêåìè÷åñêèõ, êåòîãåííûõ, ïðîòèâîãðèá-
êîâûõ, àíòèãåëüìèíòíûõ è èíñåêòèöèäíûõ
ïðåïàðàòîâ 2,3. Èçâåñòíî, ÷òî îïòè÷åñêè ÷èñòàÿ
(R)-3-àìèíîáóòàíîâàÿ êèñëîòà (BABA) ñòèìó-
ëèðóåò óñòîé÷èâîñòü ðàñòåíèé ê àáèîòè÷åñêî-
ìó ñòðåññó 4. Òàêèì îáðàçîì, ðàçðàáîòêà ýôôåê-
òèâíîãî ìåòîäà ïîëó÷åíèÿ R- è S-ýíàíòèîìåðîâ
3-àìèíîçàìåùåííûõ êàðáîíîâûõ êèñëîò ÿâëÿ-
åòñÿ àêòóàëüíûì íàïðàâëåíèåì èññëåäîâàíèé.

Ðàíåå áûëî ïîêàçàíî, ÷òî â ïðèñóòñòâèè
ôåðìåíòíûõ ïðåïàðàòîâ Novozym 435 èëè õè-
ìîòðèïñèíà ýíàíòèîñåëåêòèâíûé ãèäðîëèç ðà-
öåìè÷åñêèõ àëêèëîâûõ ýôèðîâ α-àìèíîìàñëÿ-
íîé êèñëîòû ïðèâîäèò ê îáðàçîâàíèþ 2R-(–)-
èëè 2S-(+)-α-àìèíîìàñëÿíîé êèñëîòû ñ âûõî-
äàìè 46–72 % îò òåîðåòè÷åñêîãî è îïòè÷åñêîé
÷èñòîòîé 74–84 % åå, ñîîòâåòñòâåííî 5, 6.

Ñ öåëüþ ïîëó÷åíèÿ ýíàíòèîìåðíî ÷èñòîé
3-àìèíîáóòàíîâîé êèñëîòû áûëà èññëåäîâàíà
âîçìîæíîñòü îñóùåñòâëåíèÿ ïàðöèàëüíîãî
ãèäðîëèçà åå ðàöåìè÷åñêîãî ïåíòèëîâîãî ýôè-
ðà â ïðèñóòñòâèè Candida Antarctica (CAL-B)
(Novozym 435) è õèìîòðèïñèíà (ñõåìà 1).

Óñòàíîâëåíî, ÷òî ïàðöèàëüíûé ãèäðîëèç
ïåíòèëîâîãî ýôèðà 3-àìèíîáóòàíîâîé êèñëîòû
1 ïðè 20–25 îÑ â ïðèñóòñòâèè Novozym 435 â
òå÷åíèå 24 ÷ ïðèâîäèò ê îáðàçîâàíèþ 3R-(–)-
3-àìèíîáóòàíîâîé êèñëîòû 2 ñ âûõîäîì 44%
(88% îò òåîðåòè÷åñêîãî) è îïòè÷åñêîé ÷èñòî-
òîé 86% åå (ïî äàííûì ïîëÿðèìåòðè÷åñêèõ èñ-
ñëåäîâàíèé) è ïåíòèëîâîãî ýôèðà 2S-(+)-3-
àìèíîáóòàíîâîé êèñëîòû 3 c âûõîäîì 14%
(28% îò òåîðåòè÷åñêîãî) è îïòè÷åñêîé ÷èñòî-
òîé 56% åå (ïî äàííûì ýíàíòèîñåëåêòèâíîãî
ÃÆÕ àíàëèçà). Óâåëè÷åíèå ïðîäîëæèòåëüíîñ-
òè ôåðìåíòàòèâíîãî ãèäðîëèçà ïðèâîäèò ê ñíè-

æåíèþ îïòè÷åñêîé ÷èñòîòû ïðîäóêòîâ 2, 3 èç-çà
ìåäëåííîãî ïðîòåêàíèÿ ãèäðîëèçà ïåíòèëîâîãî
ýôèðà 3S-(+)-3-àìèíîáóòàíîâîé êèñëîòû.

Â àíàëîãè÷íûõ óñëîâèÿõ ôåðìåíòàòèâíûé
ãèäðîëèç ïåíòèëîâîãî ýôèðà 3-àìèíîáóòàíî-
âîé êèñëîòû 1 â ïðèñóòñòâèè õèìîòðèïñèíà
ïðèâîäèò ê îáðàçîâàíèþ 3S-(+)-3-àìèíîáóòà-
íîâîé êèñëîòû 4 ñ âûõîäîì 34% (68% îò òåîðå-
òè÷åñêîãî) è îïòè÷åñêîé ÷èñòîòîé 79% åå (ïî
äàííûì ïîëÿðèìåòðè÷åñêèõ èññëåäîâàíèé) è
ïåíòèëîâîãî ýôèðà 3R-(–)-3-àìèíîáóòàíîâîé
êèñëîòû 5 c âûõîäîì 30% (60% îò òåîðåòè÷åñêî-
ãî) è îïòè÷åñêîé ÷èñòîòîé 45% åå (ïî äàííûì
ýíàíòèîñåëåêòèâíîãî ÃÆÕ àíàëèçà) (ñõåìà 2).

Ïðè óâåëè÷åíèè ïðîäîëæèòåëüíîñòè ôåð-
ìåíòàòèâíîãî ãèäðîëèçà íàáëþäàåòñÿ ñíèæå-
íèå îïòè÷åñêîé ÷èñòîòû ïðîäóêòîâ 4, 5, ÷òî
ñâÿçàíî ñ ìåäëåííûì ïðîòåêàíèåì ãèäðîëèçà
ïåíòèëîâîãî ýôèðà 3R-(–)-3-àìèíîáóòàíîâîé
êèñëîòû.

Ñòðîåíèå ïðîäóêòîâ ïîäòâåðæäåíî ñïåêò-
ðàìè ßÌÐ 1Í è 13Ñ, ÕÌÑ è ïîëÿðèìåòðèè.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Ñïåêòðû ßÌÐ 1Í è 13Ñ çàïèñàíû â CDCl3
(D2O) íà ïðèáîðå Bruker ÀÌ-300 (ðàáî÷àÿ ÷à-
ñòîòà 300 è 75.47 ÌÃö ñîîòâåòñòâåííî), âíóò-
ðåííèé ñòàíäàðò – ÒÌÑ. Õðîìàòîãðàôè÷åñ-
êèé àíàëèç ïðîäóêòîâ ïðîâîäèëè íà ïðîãðàìì-
íî-àïïàðàòíîì êîìïëåêñå Õðîìàòýê-Êðèñòàëë
5000.2 ñ ïëàìåííî-èîíèçàöèîííûì äåòåêòîðîì,
ãàç-íîñèòåëü – ãåëèé (1.1 ìë/ìèí), ýíàíòèîñå-
ëåêòèâíàÿ êîëîíêà Astec CHIRALDEXB-PM
(30 ì × 0.25 ìì × 0.12 ìêì). Èñïîëüçîâàëè ïðî-
ãðàììèðîâàííûé òåìïåðàòóðíûé ðåæèì: 80–
200 îC, ñêîðîñòü ïîäúåìà òåìïåðàòóðû 2 îÑ/
ìèí. Õðîìàòî-ìàññ-ñïåêòðàëüíûé àíàëèç ïðî-
âîäèëè íà ïðèáîðå GCMS-QP2010S Shimadzu
(ýëåêòðîííàÿ èîíèçàöèÿ ïðè 70 ýÂ, äèàïàçîí
äåòåêòèðóåìûõ ìàññ 33-350 Äà). Èñïîëüçîâàëè
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êàïèëëÿðíóþ êîëîíêó HP-1MS (30 ì × 0.25 ìì
× 0.25 ìêì), òåìïåðàòóðà èñïàðèòåëÿ 300 îC,
òåìïåðàòóðà èîíèçàöèîííîé êàìåðû 250 îC.
Àíàëèç ïðîâîäèëè, èñïîëüçóÿ ïðîãðàììèðî-
âàííûé òåìïåðàòóðíûé ðåæèì îò 50 äî 300 îC ñî
ñêîðîñòüþ 20 îC/ìèí, ãàç-íîñèòåëü – ãåëèé (1.1
ìë/ìèí). Óäåëüíîå âðàùåíèå ïîëó÷åííûõ ïðî-
äóêòîâ 2, 4  [αD

20]èçìåðÿëè íà àâòîìàòè÷åñêîì
ïîëÿðèìåòðå «Optical Activity Limited» ìîäåëè
ÀÀ-55 ñ ãàëîãåíîâîé ëàìïîé (ñòàíäàðòíàÿ äëèíà
âîëíû 589.44 íì). Ñòàíäàðòíàÿ âåëè÷èíà
óäåëüíîãî âðàùåíèÿ 3R-(–)-3-àìèíîáóòàíîâîé
êèñëîòû αD

20 = –34î (ñ = 0.6, Í2Î); 3S-(+)-3-
àìèíîáóòàíîâîé êèñëîòû αD

20 = +34î (ñ = 0.6,
Í2Î) 7.

Ñèíòåç ðàöåìè÷åñêîãî ïåíòèëîâîãî ýôèðà
3-àìèíîáóòàíîâîé êèñëîòû áûë îñóùåñòâëåí
ïî èçâåñòíîé ìåòîäèêå 8.

Ïåíòèëîâûé ýôèð 3-àìèíîáóòàíîâîé êèñ-
ëîòû 1. Âûõîä 86% îò òåîðåòè÷åñêîãî. Ñïåêòð
ßÌÐ 1H, (CDCl3, ä, ì.ä.): 0.84ò (3H, CH3),
1.07ä (3H, CH3), 1.19-1.28ì (2H, CH2), 1.48-
1.58ì (2H, CH2), 1.88-1.97ì (2H, CH2) 2.23ä
(2H, CH2), 3.31-3.54ì (1H, CHNH2), 4.01ò
(2H, CH2O). Ñïåêòð ßÌÐ 13Ñ, δC, ì.ä.: 13.86
(1C, CH3), 22.22 (1C, CH2), 23.22 (1C, CH3),
28.00 (1C, CH2), 28.23 (1C, CH2) 40.01 (1C,
CHNH2), 43.93 (1C, CH2), 64.52 (1C, CH2),
172.37 (1C, C=Î). Ìàññ-ñïåêòð, m/z (Iîòí,
%): 102 (3), 88 (3), 70 (3), 57 (3), 45 (3), 44
(100), 43 (18), 42 (16), 41 (14), 39 (6).

Ìåòîäèêà ïàðöèàëüíîãî ãèäðîëèçà ðàöå-
ìè÷åñêîãî ïåíòèëîâîãî ýôèðà 3-àìèíîáóòàíî-
âîé êèñëîòû. Ê 1.6 ììîëü ïåíòèëîâîãî ýôèðà
3-àìèíîáóòàíîâîé êèñëîòû (1) â 2–2.5 ìë
âîäû ïðè íîðìàëüíûõ óñëîâèÿõ (20–25 îC)
äîáàâëÿëè 8.7 ìã ôåðìåíòíîãî ïðåïàðàòà
Novozym 435 (èëè õèìîòðèïñèí – 3.5% îò ìàñ-
ñû ñóáñòðàòà). Êîíòðîëü çà ïðîòåêàíèåì ðåàê-
öèè îñóùåñòâëÿëñÿ ñ èñïîëüçîâàíèåì ìåòîäà
ýíàíòèîñåëåêòèâíîé ãàçî-æèäêîñòíîé õðîìà-
òîãðàôèè. Ïîñëå îêîí÷àíèÿ ðåàêöèè ôåðìåíò
îñàæäàëè 5% âîäíûì ðàñòâîðîì òðèõëîðóêñóñ-
íîé êèñëîòû è îñàäîê îòôèëüòðîâûâàëè. Îñòà-
òî÷íûé ïåíòèëîâûé ýôèð 3-àìèíîáóòàíîâîé
êèñëîòû ýêñòðàãèðîâàëè ãåêñàíîì (2×10 ìë) è
êîíöåíòðèðîâàëè. Âîäíûé ñëîé óïàðèâàëè ïîä
âàêóóìîì. Ïîñëå óïàðèâàíèÿ âîäû îáðàçîâûâà-
ëèñü êðèñòàëëû 3R-(–)-3-àìèíîáóòàíîâîé êèñ-
ëîòû (èëè 3S-(+)-3-àìèíîáóòàíîâîé êèñëîòû).

3R-(–)-3-àìèíîáóòàíîâàÿ êèñëîòà 2.
Ñïåêòð ßÌÐ 1Í (D2O, δ, ì.ä.): 1.18ä (3H,
CH3), 2.35ä (2H, CH2), 3.45-3.49ì (1H,
CHNH2). Ñïåêòð ßÌÐ 13Ñ (D2O, δC, ì.ä.):
17.69 (1C, CH3), 40.63 (1C, CH2), 45.36 (1C,
CHNH2), 179.01 (1C, CÎOH).

3S-(+)-3-àìèíîáóòàíîâàÿ êèñëîòà 4.
Ñïåêòð ßÌÐ 1Í (D2O, δ, ì.ä.): 1.20ä (3H,
CH3), 2.38ä (2H, CH2), 3.47-3.50ì (1H,
CHNH2). Ñïåêòð ßÌÐ 13Ñ (D2O, δC, ì.ä.):
19.32 (1C, CH3), 42.24 (1C, CH2), 47.00 (1C,
CHNH2), 179.66 (1C, CÎOH).

Литература

1. Namikoshi M., Rinehart K.L., Dahlem A.M.,
Beasley V.R., Carmichael W.W. Total synthesis
of ADDA, the unique C 20 amino acid of
cyanobacterial hepatotoxins // Tetrahedron
Letters.– 1989.– V.30.– Pp.4349-4352. DOI:
10.1016/S0040-4039(00)99357-2.

2. Shinagawa S., Kanamaru T., Harada S., Asai M.,
Okazaki H. Chemistry of emeriamine and its
analogs and their inhibitory activity in long-chain
fatty acid oxidation // J. Med. Chem.– 1987.–
V.30.– Pp.1458-1463. DOI: 10.1021/
jm00391a030.

3. Seebach D., Matthews J.L. β-Peptides: a surprise
at every turn // Chem. Commun.– 1997.–
Pp.2015-2022.

4. Baccelli I., Mauch-Mani B. Beta-aminobutyric
acid priming of plant defense: the role of ABA and
other hormones // Plant Molecular Biology.–
2015.– V.91.– Pp.703-711. DOI:10.1007/
s11103-015-0406-y.

5. Ëåíêîâà À.Î., Çîðèí À.Â., ×àíûøåâà À.Ð.,
Ãåëüìåëü Ê.Â., Ôàéçóëëèíà Ã.À., Çîðèí Â.Â.
Ýíàíòèîñåëåêòèâíûé ãèäðîëèç áóòèëîâîãî ýôè-
ðà á-àìèíîìàñëÿíîé êèñëîòû â ïðèñóòñòâèè
Novozym 435 // Áàø. õèì. æ.– 2016.– Ò.23,
¹4.– C.42-44.

References

1. Namikoshi M., Rinehart K.L., Dahlem A.M.,
Beasley V.R., Carmichael W.W. [Total synthesis
of ADDA, the unique C 20 amino acid of
cyanobacterial hepatotoxins]. Tetrahedron
Letters, 1989, vol.30, pp.4349-4352. DOI:
10.1016/S0040-4039(00)99357-2.

2. Shinagawa S., Kanamaru T., Harada S., Asai M.,
Okazaki H. [Chemistry of emeriamine and its
analogs and their inhibitory activity in long-chain
fatty acid oxidation]. J. Med. Chem., 1987,
vol.30, pp.1458-1463. DOI: 10.1021/
jm00391a030.

3. Seebach D., Matthews J.L. [β-Peptides: a
surprise at every turn]. Chem. Commun., 1997,
pp.2015-2022.

4. Baccelli I., Mauch-Mani B. [Beta-aminobutyric
acid priming of plant defense: the role of ABA and
other hormones]. Plant Molecular Biology, 2015,
vol.91, pp.703-711. DOI:10.1007/s11103-015-
0406-y

5. Lenkova A.O., Zorin A.V., Chanysheva A.R.,
Gelmel K.V., Faizullina G.A., Zorin V.V.
Enantioselektivnyi gidroliz butilovogo efira α-
aminomaslianoi kisloty v prisutstvii Novozym
435 [Enantioselective hydrolysis of butyl ester of
β-aminobutyric acid in the presence of Novozym



Башкирский химический журнал. 2020. Том 27. № 2 19

6. Ëåíêîâà À.Î., Çîðèí À.Â., ×àíûøåâà À.Ð.,
Çîðèíà Ë.Í. Ýíàíòèîñåëåêòèâíûé ãèäðîëèç àë-
êèëîâûõ ýôèðîâ α-àìèíîìàñëÿíîé êèñëîòû â
ïðèñóòñòâèè õèìîòðèïñèíà // Áàø. õèì. æ.–
2017.– Ò.24, ¹1.– Ñ.12-14.

7. Maenpaa H., Kanerva L.T., Liljeblad A.
Acylation of β-Amino Esters and Hydrolysis of â-
Amido Esters: Candida Antarctica Lipase A as a
Chemoselective Deprotection Catalyst //
ChemCatChem.– 2016.– V.8.– Pp.1226-1232.
DOI: 10.1002/cctc.201501381.

8. Ãðèíøòåéí Äæ. Õèìèÿ àìèíîêèñëîò è ïåïòèäîâ
/ Ïîä ðåä. Ì.Ì. Øåìÿêèíà.– Ì.:Ìèð, 1965.–
825 ñ.

435]. Bashkirskii khimicheskii zhurnal [Bashkir
Chemical Journal], 2016, vol.23, no.4, pp.42-44.

6. Lenkova A.O., Zorin A.V., Chanysheva A.R.,
Zorina L.N. Enantioselektivnyi gidroliz
alkilovykh efirov α-aminomaslianoi kisloty v
prisutstvii khimotripsina [Enantioselective
hydrolysis of alkyl esters of α-aminobutyric acid
in the presence of Chymotrypsin]. Bashkirskii
khimicheskii zhurnal [Bashkir Chemical
Journal], 2017, vol.24, no.1, pp.12-14.

7. Maenpaa, Kanerva L.T., Liljebla A. [Acylation of
β-Amino Esters and Hydrolysis of â-Amido Esters:
Candida Àntarctica Lipase A as a Chemoselective
Deprotection Catalyst]. ChemCatChem, 2016,
vol.8, pp.1226-1232. DOI: 10.1002/
cctc.201501381

8. Greenstein J. Khimiya aminokislot i peptidov
[Amino acid and peptide chemistry]. Ed. M.M.
Shemyakin. Moscow, Mir Publ., 1965, 825 p.


