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Resolution of R/S-α-Hydroxy Fatty Acids by

Immobilized Lipase on Rice Hull Ash

Rice hull ash obtained from rice hull which was heated for 2 hrs, at 500 oC was treated with

10% sulfuric acid. The ash was used as a support for immobilization of Candida rugosa lipase. The

immobilized lipase can resolve R/S-α-hydroxy octanoic acid menthyl esters in iso-octane with a small

amount of ter- butanol as a co-solvent for the substrate. The solvent composition strongly affects the

enzyme selectivity as well as the product yield. The highest yield is obtained from system with tert-

butanol is the co-solvent, when it compares to other cosolvents, such as Diisopropylether, Di-n-
butylether, Trichloroethylene and Tetrachloroethylene. However, higher concentrations of co-solvents

tend to decrease the product yields. Water content and substrate concentration strongly affect the

enzyme selectivity. The optimal condition for highest enantiomeric excess is 0.6% water and the

alcohol to α-hydroxy fatty acid ratio is 7.5.

Keywords : α-Hydroxy Fatty Acid / Rice Hull Ash / Immobilized Enzyme / Enaneiomeric

Excess
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1. ∫∑π”

°√¥‰¢¡—π·Õ≈ø“‰Œ¥√Õ° ’́ (AHFA) ‡ªìπ “√ª√–°Õ∫‰§√—≈∑’Ëæ∫‰¥â∑—Ë«‰ª„π∏√√¡™“µ‘ ‚¥¬¡“°„π√Ÿª¢Õß

R-isomer AHFAs ∑’Ë¡’®”π«π§“√å∫Õπ “¬¬“«Ê  “¡“√∂æ∫‰¥â„πæ◊™ ‰¢¡—π∫√‘‡«≥º‘«Àπ—ß ·≈–‡π◊ÈÕ‡¬◊ËÕæ‘‡»…„π

 ¡Õß   à«π AHFAs  “¬ —ÈπÊ  “¡“√∂π”¡“„™â‡ªìπ “√µ—«°≈“ß∑“ß‡§¡’„π°“√º≈‘µ¬“√—°…“‚√§·≈– “√‡§¡’ [1, 2]

·≈–„π√–∫∫ √’√–«‘∑¬“π—Èπ ¡—°®–µÕ∫ πÕßµàÕ‰Õ‚´‡¡Õ√å‡¥’¬«  à«πÕ‘·ππ™‘‚Õ‡¡Õ√åÕ◊Ëππ—ÈππÕ°®“°®–‰¡à¡’º≈

∑“ß°“√√—°…“·≈â« ∫“ßÕ‘·ππ∑‘‚Õ‡¡Õ√å¬—ß„Àâº≈„π∑“ß≈∫Õ’°¥â«¬  ®“°§«“¡ ”§—≠¢Õß‰Õ‚´‡¡Õ√å ·≈–ª√–‚¬™πå¢Õß

AHAFs ®÷ß¡’§«“¡®”‡ªìπ∑’Ë®–µâÕß·¬°‰Õ‚´‡¡Õ√åÕÕ°®“°°—π ‡æ◊ËÕ„Àâ‰¥â‰Õ‚´‡¡Õ√å‡¥’Ë¬«Ê ·≈–∫√‘ ÿ∑∏‘Ï  Tokamolthom

·≈–§≥– [3] ‰¥â»÷°…“°“√·¬° (R-) ·≈– (S-) -isomers ¢Õß°√¥‰¢¡—π·Õ≈ø“‰Œ¥√Õ°´’ ‚¥¬‰¡à„™â “√Õâ“ßÕ‘ß∫π

Õ–‰§√—≈§Õ≈—¡πå·°ä ‚§√¡“‚µ°√“øï °√–∫«π°“√∑’Ë„™â„π°“√ —ß‡§√“–Àå„Àâ‰¥âº≈‘µ¿—≥±åµ“¡µâÕß°“√π—Èπ “¡“√∂∑”‰¥â

∑—Èß°“√„™â “√‡§¡’·≈–„™âµ—«‡√àß∑“ß™’«¿“æ„π°“√‡√àßªØ‘°‘√‘¬“ ‚¥¬µ—«‡√àß∑“ß‡§¡’¡’¢âÕ¥âÕ¬°«à“µ—«‡√àß∑“ß™’«¿“æ§◊Õ

¢“¥§«“¡®”‡æ“–µàÕ‰Õ‚´‡¡Õ√å∑’ËµâÕß°“√ ‡Õπ‰´¡å‰≈‡ª  (Acylglyceral hydrolase, EC 3.1.1.3) ¡’ ¡∫—µ‘æ‘‡»…

µ√ß∑’Ë¡’§«“¡®”‡æ“–µàÕ “√‰§√—≈ (chiral) ÷́Ëß¡’°“√‡√’¬ßµ—«¢ÕßÀ¡Ÿàøíß°å™—π‡©æ“– “√‰§√—≈∑’Ë¡’§«“¡ ”§—≠„π™’«‘µ

ª√–®”«—π∑—Ë«Ê ‰ª µ—«Õ¬à“ß ‡™àπ ¬“√—°…“‚√§ Õ“À“√ ‡§√◊ËÕß ”Õ“ß  “¡“√∂„™â‡Õπ‰´¡å‡√àßªØ‘°‘√‘¬“„π√–∫∫∑’Ë¡’

µ—«°≈“ß‡ªìπµ—«∑”≈–≈“¬Õ‘π∑√’¬å´÷Ëß™à«¬‡æ‘Ë¡°“√≈–≈“¬¢Õß “√µ—Èßµâπ™π‘¥‰Œ‚¥√‚ø∫‘§ (hydrophobic) ‚¥¬°“√

∑”„Àâ‡Õπ‰´¡å°√–®“¬µ—«Õ¬Ÿà∫πæ“À–µ√÷ß´÷Ëß‡ªìπ°“√‡æ‘Ë¡æ◊Èπ∑’Ëº‘« ”À√—∫‡Õπ‰´¡å„π°“√ —¡º— °—∫ “√µ—Èßµâπ ‚¥¬™π‘¥

¢Õß«— ¥ÿ∑’Ë„™â‡ªìπæ“À–„π°“√µ√÷ß¡’º≈µàÕ°“√∑”ß“π¢Õß‡Õπ‰´¡å ¢’È‡∂â“·°≈∫ (Rice hull ash, RHA) ´÷Ëß‡ªìπ«— ¥ÿ

‡À≈◊Õ∑‘Èß∑“ß°“√‡°…µ√ ¡’Õß§åª√–°Õ∫À≈—° §◊Õ ´‘≈‘°“ [4] ®“°°“√„™â X-ray diffraction · ¥ß„Àâ‡ÀÁπ∂÷ß≈—°…≥–∑’Ë

‡ªìπ Amorphous silica „π√Ÿª¢Õß Opal [5] ·≈–®“° Infrared spectrum ¢Õß¢’È‡∂â“·°≈∫ ¬—ß· ¥ß„Àâ‡ÀÁπ∂÷ß

§«“¡§≈â“¬§≈÷ß°—∫ Silicic acid [6] ¥—ßπ—Èπ®÷ß¡’°“√„™â¢’È‡∂â“·°≈∫‡ªìπµ—«¥Ÿ¥´—∫ “√µà“ßÊ ∑’Ë‰¡àµâÕß°“√„π

Õÿµ “À°√√¡°“√º≈‘µπÈ”¡—πæ◊™ [4-10] πÕ°®“°π’È Tantrakulsiri ·≈–§≥– [11] ‰¥â»÷°…“°“√π”¢’È‡∂â“·°≈∫¡“„™â

‡ªìπæ“À– ”À√—∫µ√÷ß‡Õπ‰´¡å‡æ◊ËÕ‡√àßªØ‘°‘√‘¬“‰Œ‚¥√‰≈´‘ ¢ÕßπÈ”¡—π¡–°Õ° Õ¬à“ß‰√°Áµ“¡ ¬—ß‰¡à¡’°“√∑¥≈Õßπ”

¢’È‡∂â“·°≈∫¡“„™â‡ªìπæ“À–µ√÷ß‡Õπ‰´¡å ”À√—∫„™â„π°“√‡√àßªØ‘°‘√‘¬“„πµ—«∑”≈–≈“¬Õ‘π∑√’¬å‡æ◊ËÕ„Àâ‰¥âº≈‘µ¿—≥±å∑’Ë¡’‰Õ

‚´‡¡Õ√å∑’Ë®”‡æ“–µ“¡µâÕß°“√ ¥—ßπ—Èπ„πß“π«‘®—¬π’È®÷ß‰¥âæ—≤π“π”¢’È‡∂â“·°≈∫¡“‡ªìπæ“À– ”À√—∫µ√÷ß‡Õπ‰´¡å‡æ◊ËÕ

‡√àßªØ‘°‘√‘¬“°“√®”·π°‰Õ‚´‡¡Õ√å

2. «— ¥ÿÕÿª°√≥å·≈–«‘∏’°“√

1. ‡Õπ‰´¡å
- ‡Õπ‰´¡å‰≈‡ª Õ‘ √–®“° Candida rugosa ·≈– Candida antractica

- ‡Õπ‰´¡å‰≈‡ª ®“° Candida rugosa ·≈– Candida antractica ∑’Ë Entrapment in sol-gel

2.  “√‡§¡’

R/S α-hydroxy octanoic acid ®“°∫√‘…—∑ ´‘°¡“‡§¡‘§Õ≈ ®”°—¥ (‡´πÀ≈ÿ¬ å ª√–‡∑» À√—∞Õ‡¡√‘°“)

µ—«∑”≈–≈“¬Õ‘π∑√’¬å ‰Õ‚´ÕÕ°‡∑π (Isooctane) (∫à¡„π Molecular sieve ¢π“¥ 13 Õ—ß µ√Õ¡ π“π 12 ™—Ë«‚¡ß

°àÕππ”¡“„™â) ·≈– ‡µ∑µ√–§≈Õ‚√‡Õ∑‘≈≈’π (Tetrachloroethylene) ®“°∫√‘…—∑ ·≈ª ·°π ®”°—¥ (ª√–‡∑»‰∑¬)

‰µ√§≈Õ‚√‡Õ∑∑‘≈≈’π (Trichloroethylene) ·≈–‰¥πÕ√å¡—≈∫‘«∑‘≈Õ’‡∑Õ√å (Di-n-butylether) ®“°∫√‘…—∑
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§“‚√ ‡ÕÕ√å∫“√å ®”°—¥ (ª√–‡∑»Õ‘µ“≈’) ‰¥‰Õ‚´‚æ√æ‘≈Õ’‡∑Õ√å (Diisopropylether) ·≈–‡∑Õ‡∑’¬√’∫‘«∑‘≈·Õ≈°ÕŒÕ≈å

(tert-butyl alcohol) ®“°∫√‘…—∑ ø≈Ÿ°“ ®”°—¥ (ª√–‡∑»‰∑¬) ‡¡π∑Õ≈ (Commercial grade) ®“°Àâ“ßÀÿâπ à«π

ŒßŒ«¥®”°—¥ (°√ÿß‡∑æœ ª√–‡∑»‰∑¬) ¢’È‡∂â“·°≈∫‡º“„πµŸâ§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘∑’Ë 500 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 2

™—Ë«‚¡ß ∫¥·≈–√àÕπ§—¥¢π“¥ 63-106 ‰¡‚§√‡¡µ√ (230-140 mesh) π”‰ª™–¥â«¬°√¥´—≈øŸ√‘°‡¢â¡¢âπ√âÕ¬≈– 10

(ª√‘¡“µ√µàÕª√‘¡“µ√) ·≈–°«πµ≈Õ¥‡«≈“ 5 ™—Ë«‚¡ß ·≈â«≈â“ß¥â«¬πÈ”°≈—Ëπ∑’Ëª√“»®“°Õ‘ÕÕπ®πæ’‡Õ™‡ªìπ°≈“ß π”

‰ªÕ∫„Àâ·Àâß„™â‡ªìπæ“À– ”À√—∫µ√÷ß‡Õπ‰´¡å

3. °“√‡µ√’¬¡°√¥‰¢¡—π·Õ≈ø“‰Œ¥√Õ°´’‡¡π∑‘≈‡Õ ‡∑Õ√å‚¥¬°“√‡√àßªØ‘°‘√‘¬“¥â«¬‡Õπ‰´¡å
π” “√≈–≈“¬¢Õß‡Õπ‰´¡å‰≈‡ª Õ‘ √–¡“µ√÷ß∫π¢’È‡∂â“·°≈∫µ“¡«‘∏’¢Õß Tantrakulsiri ·≈–§≥– [11] „π

 ¿“«–∑’Ë¡’Õß§åª√–°Õ∫¢Õßµ—«∑”≈–≈“¬Õ‘π∑√’¬å πÈ”  “√µ—Èßµâπ „πª√‘¡“≥µà“ßÊ ‡√àßªØ‘°‘√‘¬“·≈–°«πµ≈Õ¥‡«≈“„π

Õà“ß§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ®“°π—Èπ‡°Á∫ “√≈–≈“¬µ—«Õ¬à“ß¡“ 1 ¡‘≈≈‘≈‘µ√ ‡µ‘¡

 “√≈–≈“¬‚´‡¥’¬¡§“√å∫Õ‡πµ (√âÕ¬≈– 4 Na2CO3) ®”π«π 1 ¡≈. ‡¢¬à“„Àâ‡¢â“°—π·≈â«≈â“ß¥â«¬πÈ”°≈—Ëπ®π°√–∑—Ëß

 “√≈–≈“¬ à«π∫π„  „™âæ“ ‡®Õ√åªî‡ªµ§àÕ¬Ê ¥Ÿ¥ “√≈–≈“¬™—Èπ∫π„ à„πÀ≈Õ¥∑¥≈Õß ‡µ‘¡ºß‚´‡¥’¬¡´—≈‡øµ∑’Ë

ª√“»®“°πÈ” (Na2SO4 (anhydrous)) ≈ß‰ª‡≈Á°πâÕ¬‡æ◊ËÕ¥Ÿ¥πÈ”∑’Ëµ‘¥§â“ß¡“ ‡¢¬à“·≈–µ—Èß∑‘Èß‰«â —°§√Ÿà®π “√≈–≈“¬„ 

·¬° “√≈–≈“¬™—Èπ∫π¡“·≈â«π”‰ª∑”·Àâß¿“¬„µâ·°ä ‰π‚µ√‡®π ‡°Á∫µ—«Õ¬à“ß‡æ◊ËÕπ”‰ª«‘‡§√“–Àå¥â«¬‡§√◊ËÕß·°ä 

‚§√¡“‚µ°√“øï

4. °“√«‘‡§√“–Àå°√¥‰¢¡—π·Õ≈ø“‰Œ¥√Õ°´’‡¡π∑‘≈‡Õ ‡∑Õ√å¥â«¬‡§√◊ËÕß·°ä ‚§√¡“‚µ°√“øï
„πß“π«‘®—¬π’È„™â‡§√◊ËÕß·°ä ‚§√¡“‚µ°√“øï√ÿàπ Shimadzu 17A ¡’µ—«µ√«®«—¥·∫∫‡ø≈¡‰ÕÕÕ‰π‡´™—π (∫√‘…—∑

™‘¡—∑ ÷ ®”°—¥ ª√–‡∑»≠’ËªÿÉπ) °“√·¬°«‘‡§√“–Àå‰Õ‚´‡¡Õ√å¢Õß α-hydroxy octanoic acid menthyl ester „™â

§Õ≈—¡πå·∫∫·§æ‘≈≈“√’  §Õ≈—¡πå AT-5 (¢π“¥ 10 ‡¡µ√ x  ‡ âπºà“π»Ÿπ¬å°≈“ß 0.1 ¡‘≈≈‘‡¡µ√) ‡§≈◊Õ∫¥â«¬√âÕ¬≈– 5

Phenyl √âÕ¬≈– 95 Methylsiloxane Àπ“ 0.25 ‰¡‚§√‡¡µ√ ®“°∫√‘…—∑ ·Õ≈‡∑§ ®”°—¥ (ª√–‡∑» À√—∞Õ‡¡√‘°“) „™â

·°ä ‰π‚µ√‡®π‡ªìπ·°ä µ—«æ“¥â«¬Õ—µ√“°“√‰À≈ 0.056 ¡‘≈≈‘≈‘µ√µàÕπ“∑’  Õÿ≥À¿Ÿ¡‘§Õ≈—¡πå 200 Õß»“‡´≈‡´’¬  Õÿ≥À¿Ÿ¡‘

Õ‘π‡®§‡µÕ√å 250 Õß»“‡´≈‡´’¬  Õÿ≥À¿Ÿ¡‘¥’‡∑§‡µÕ√å 25 Õß»“‡´≈‡´’¬ 

5. °“√ª√–‡¡‘π§«“¡∫√‘ ÿ∑∏‘Ï¢ÕßÕ’·ππ∑‘‚Õ‡¡Õ√å
· ¥ßª√‘¡“≥ —¡æ—π∏å¢ÕßÕ’·ππ∑‘‚Õ‡¡Õ√å„π “√º ¡‚¥¬„™â§à“ Enantiomeric excess (ee.) ´÷Ëß

§”π«≥‰¥â®“° ¡°“√

À¡“¬‡Àµÿ:     %Yield §◊Õ º≈‘µ¿—≥±å∑’Ë‡°‘¥¢÷Èπ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ “√µ—Èßµâπ

%ee =
100 × (mole of major enantiomer - mole minor enantiomer)

mole of minor enantiomer
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3. º≈°“√∑¥≈Õß·≈–Õ¿‘ª√“¬º≈

1. °“√»÷°…“Õ‘∑∏‘æ≈¢Õßµ—«∑”≈–≈“¬√à«¡
°“√„™â‡Õπ‰´¡å‰≈‡ª µ√÷ß‡√àßªØ‘°‘√‘¬“°“√ —ß‡§√“–Àå α-hydroxy octanoic acid menthyl ester ‡°‘¥

¢÷Èπ‰¥â¥’„πµ—«∑”≈–≈“¬™π‘¥‰¡à¡’¢—È« §◊Õ ‰Õ‚´ÕÕ°‡∑π ·µà‡π◊ËÕß®“°∂Ÿ°®”°—¥¥â«¬°“√≈–≈“¬¢Õß “√µ—Èßµâπ§◊Õ°√¥

‰¢¡—π·≈–·Õ≈°ÕŒÕ≈å„πµ—«∑”≈–≈“¬™π‘¥π’È ¥—ßπ—Èπ®”‡ªìπµâÕß¡’°“√ª√—∫ª√ÿßµ—«∑”≈–≈“¬Õ‘π∑√’¬å ”À√—∫‡√àß

ªØ‘°‘√‘¬“‚¥¬°“√‡µ‘¡µ—«∑”≈–≈“¬√à«¡‡æ◊ËÕ‡æ‘Ë¡§«“¡ “¡“√∂„π°“√≈–≈“¬¢Õß “√µ—Èßµâπ ‚¥¬µ—«∑”≈–≈“¬√à«¡∑’Ë»÷°…“¡’

5 ™π‘¥ ‰¥â·°à ‰¥‰Õ‚´‚æ√æ‘≈Õ’‡∑Õ√å ‰¥πÕ√å¡—≈∫‘«∑‘≈Õ’‡∑Õ√å  ‰µ√§≈Õ‚√‡Õ∑∑‘≈≈’π  ‡µ√∑µ√–§≈Õ‚√‡Õ∑‘≈≈’π ·≈–

‡∑Õ‡∑’¬√’∫‘«∑‘≈·Õ≈°ÕŒÕ≈å

1.1 °“√„™â Diisopropylether ‡ªìπµ—«∑”≈–≈“¬√à«¡

‡¡◊ËÕ„π√–∫∫¡’ Diisopropylether √âÕ¬≈– 1-20 ¢Õßµ—«∑”≈–≈“¬À≈—° (‰Õ‚´ÕÕ°‡∑π) æ∫«à“

‡Õπ‰´¡åµ√÷ß “¡“√∂‡√àßªØ‘°‘√‘¬“‡æ◊ËÕ„Àâ‡°‘¥º≈‘µ¿—≥±å R/S-α-hydroxy octanoic acid menthyl ester ‡æ‘Ë¡¢÷Èπ ·µà

‡¡◊ËÕª√‘¡“≥ Diisopropylether ‡æ‘Ë¡ Ÿß°«à“√âÕ¬≈– 20 º≈‘µ¿—≥±å°≈—∫≈¥≈ßÕ¬à“ß‡ÀÁπ‰¥â™—¥ ‚¥¬º≈‘µ¿—≥±åÀ≈—°∑’Ë‡°‘¥¢÷Èπ

§◊Õ (S)-isomer (√âÕ¬≈– 0.1-1.2) ∑’Ë¡’ Enantiomeric excess Õ¬Ÿà„π™à«ß√âÕ¬≈– 63-100 ¥—ß· ¥ß„π√Ÿª∑’Ë 1

1.2 °“√„™â Di-n-butylether ‡ªìπµ—«∑”≈–≈“¬√à«¡

º≈¢Õß Di-n-butylether µàÕ°“√‡°‘¥º≈‘µ¿—≥±å R/S-α-hydroxy octanoic acid menthyl ester

·≈– Enantiomeric excess · ¥ß„π√Ÿª∑’Ë 2 ´÷Ëß„π∑ÿ° ¿“«–∑’Ë∑”°“√»÷°…“‰¡àæ∫º≈‘µ¿—≥±å (R)-isomer ‡°‘¥¢÷Èπ

®“°°“√‡√àßªØ‘°‘√‘¬“ ¥—ßπ—Èπº≈‘µ¿—≥±å∑’Ë‰¥â®÷ß‡ªìπ (S)-isomer ∑—Èß√âÕ¬≈– 100 ‚¥¬ª√‘¡“≥º≈‘µ¿—≥±å‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ

Di-n-butylether ‡æ‘Ë¡¢÷Èπ∂÷ß√âÕ¬≈– 10 ¢Õßµ—«∑”≈–≈“¬À≈—° (‰Õ‚´ÕÕ°‡∑π) „π¢≥–∑’Ë∂â“¡’°“√‡µ‘¡µ—«∑”≈–≈“¬

√à«¡≈ß‰ªÕ’°°≈—∫∑”„Àâª√‘¡“≥º≈‘µ¿—≥±å§àÕ¬Ê ≈¥≈ß
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√Ÿª∑’Ë 1  °“√„™â Diisopropylether ‡ªìπµ—«∑”≈–≈“¬√à«¡ µàÕª√‘¡“≥º≈‘µ¿—≥±å·≈–

Enantiomeric excess ¢Õß α-hydroxy octanoic acid menthyl ester
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1.3 °“√„™â Trichloroethylene ‡ªìπµ—«∑”≈–≈“¬√à«¡

º≈°“√∑¥≈Õßæ∫§«“¡·µ°µà“ß‡æ’¬ß‡≈Á°πâÕ¬¢Õßª√‘¡“≥º≈‘µ¿—≥±å (S)-isomer ‡¡◊ËÕ„™â

Trichloroethylene ‡ªìπµ—«∑”≈–≈“¬√à«¡ ‚¥¬‡Õπ‰´¡åµ√÷ß “¡“√∂‡√àßªØ‘°‘√‘¬“‰¥â„π√–∫∫∑’Ë¡’ Trichloroethylene √à«¡

Õ¬Ÿà√âÕ¬≈– 6-9 ¢Õßµ—«∑”≈–≈“¬À≈—° (‰Õ‚´ÕÕ°‡∑π) ·≈–¬—ßæ∫«à“¡’‡©æ“–º≈‘µ¿—≥±å (S)-isomer ‡°‘¥¢÷Èπ‡∑à“π—Èπ

(√âÕ¬≈– ee.=100) ¥—ß√Ÿª∑’Ë 3

√Ÿª∑’Ë 2  °“√„™â Di-n-butylether ‡ªìπµ—«∑”≈–≈“¬√à«¡ µàÕª√‘¡“≥º≈‘µ¿—≥±å·≈–

Enantiomeric excess ¢Õß α-hydroxy octanoic acid menthyl ester
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Enantiomeric excess ¢Õß α-hydroxy octanoic acid menthyl ester
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1.4 °“√„™â Tetrachloroethylene ‡ªìπµ—«∑”≈–≈“¬√à«¡

°‘®°√√¡¢Õß‡Õπ‰´¡å‰≈‡ª µ√÷ß‡√àßªØ‘°‘√‘¬“„π√–∫∫∑’Ë Tetrachloroethylene ‡ªìπµ—«∑”≈–≈“¬

√à«¡æ∫«à“ª√‘¡“≥ Tetrachloroethylene ∑’Ë‡À¡“– ¡§◊Õ√âÕ¬≈– 9 ¢Õßµ—«∑”≈–≈“¬À≈—° (‰Õ‚´ÕÕ°‡∑π) „Àâ º≈‘µ¿—≥±å

(S)-isomer  Ÿß ÿ¥ · ¥ß¥—ß√Ÿª∑’Ë 4 ·≈–‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥µ—«∑”≈–≈“¬√à«¡ º≈‘µ¿—≥±å°≈—∫≈¥≈ß ‚¥¬‰ª¬—∫¬—Èß°“√‡°‘¥

(R)-isomer ∑—ÈßÀ¡¥ ¥—ßπ—Èπ Enantiomeric excess ®÷ß‡ªìπ√âÕ¬≈– 100 ∑’Ëª√‘¡“≥ Tetrachloroethylene „π

√–∫∫¡“°°«à“√âÕ¬≈– 10

1.5 °“√„™â tert-butyl alcohol ‡ªìπµ—«∑”≈–≈“¬√à«¡

„π°“√∑¥≈Õß à«ππ’È„™â tert-butyl alcohol ∑’Ë¡’§«“¡¡’¢—È« Ÿß‡ªìπµ—«∑”≈–≈“¬√à«¡„πªØ‘°‘√‘¬“ ·¡â«à“

alcohol group  “¡“√∂‡¢â“∑”ªØ‘°‘√‘¬“°—∫°√¥‰¢¡—π´÷ËßÕ“®°àÕ„Àâ‡°‘¥°“√·¢àß¢—π°—π¢Õß “√µ—Èßµâπ∑’Ë‡¢â“®—∫

∫√‘‡«≥‡√àß¢Õß‡Õπ‰´¡å Õ¬à“ß‰√°Áµ“¡°“√¡’Õ¬Ÿà¢ÕßÀ¡Ÿà‡¡∑‘≈ (-CH
3
) ∑—Èß 3 À¡Ÿà„π‚¡‡≈°ÿ≈¢Õß tert-butyl alcohol

∑”„Àâ‡°‘¥ Steric hindrance ´÷Ëß¡’º≈√∫°«π·≈–¬—∫¬—Èß°“√‡¢â“‰ª®—∫°—∫ “√µ—Èßµâπ¢Õß tert-butyl alcohol º≈°“√

∑¥≈Õß· ¥ß¥—ß√Ÿª∑’Ë 5 · ¥ß„Àâ‡ÀÁπ«à“√–∫∫∑’Ë¡’ tert-butyl alcohol Õ¬Ÿà„πª√‘¡“≥µË” ‡Õπ‰´¡å‰≈‡ª µ√÷ß “¡“√∂

∑”ß“π‡√àßªØ‘°‘√‘¬“‡°‘¥º≈‘µ¿—≥±å (S)-isomer „πª√‘¡“≥∑’Ë¡“°°«à“ (R)-isomer  à«π∑’Ë tert-butyl alcohol „π

√–∫∫¡“°¢÷Èπ °“√∑”ß“π¢Õß‡Õπ‰´¡å≈¥≈ßÕ¬à“ß√«¥‡√Á«  ®“°°“√∑¥≈Õß· ¥ß„Àâ‡ÀÁπ«à“ tert-butyl alcohol ‡æ’¬ß

ª√‘¡“≥‡≈Á°πâÕ¬∑’Ë„™â„π√–∫∫™à«¬„π°“√≈–≈“¬¢Õß°√¥‰¢¡—π α-hydroxy octanoic acid ∑”„Àâ‡Õπ‰´¡å‡¢â“∑”

ªØ‘°‘√‘¬“°—∫ “√µ—Èßµâπ‰¥â ‚¥¬ª√‘¡“≥‡Õ ‡∑Õ√å¢Õß (S)-isomer  Ÿß∑’Ë ÿ¥√âÕ¬≈– 3 ¥â«¬ ee. √âÕ¬≈– 80 ‡¡◊ËÕ„™â

tert-butyl alcohol √âÕ¬≈– 1

√Ÿª∑’Ë 4  °“√„™â Tetrachloroethylene ‡ªìπµ—«∑”≈–≈“¬√à«¡ µàÕª√‘¡“≥º≈‘µ¿—≥±å·≈–

Enantiomeric excess ¢Õß α-hydroxy octanoic acid menthyl ester
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®“°º≈°“√∑¥≈Õßæ∫«à“ª√‘¡“≥º≈‘µ¿—≥±å (S-) ·≈– (R-) -α-hydroxy octanoic acid menthyl

ester ·≈– Enantiomeric exess ¢÷Èπ°—∫™π‘¥·≈–ª√‘¡“≥¢Õßµ—«∑”≈–≈“¬√à«¡∑’Ë„™â„πªØ‘°‘√‘¬“  ∑—Èßπ’È‡π◊ËÕß¡“®“°

µ—«∑”≈–≈“¬√à«¡ àßº≈µàÕ°“√≈–≈“¬¢Õß “√µ—Èßµâπ·≈–§«“¡¡’‡ ∂’¬√¿“æ¢Õß Enzyme-substrate complex ‚¥¬

°“√‡ª≈’Ë¬π·ª≈ßÕß§åª√–°Õ∫¢Õßµ—«∑”≈–≈“¬Õ‘π∑√’¬åπ’È¬—ß∑”„Àâ Entropic ·≈– Enthalpic ¡’§«“¡·µ°µà“ß°—π

ÕÕ°‰ªµ—«∑”≈–≈“¬√à«¡∑’Ë‡ªìπ™π‘¥‰Œ‚¥√øî≈‘§ (hydrophilic) ¡’º≈µàÕ°“√‡ª≈’Ë¬π·ª≈ßπÈ”∑’Ë≈âÕ¡√Õ∫‚¡‡≈°ÿ≈¢Õß

‡Õπ‰´¡å´÷ËßÕ“®√∫°«π structure conformation ¢Õß‡Õπ‰´¡å ∑”„Àâ°“√∑”ß“π¢Õß‡Õπ‰´¡å≈¥ª√– ‘∑∏‘¿“æ≈ß [12-

14] ß“π«‘®—¬¢Õß¿“«‘≥’ ·≈–§≥– [15] »÷°…“º≈¢Õßµ—«∑”≈–≈“¬Õ‘π∑√’¬åµàÕ°“√∑”ß“π‡√àßªØ‘°‘√‘¬“‰Œ‚¥√‰≈´‘ ¢Õß

‰≈‡ª ®“° Candida rugosa ∑’Ëµ√÷ß∫π¢’È‡∂â“·°≈∫  æ∫«à“·Õ§µ‘«‘µ’¢Õß‡Õπ‰´¡åµ√÷ß∑’Ë‡√àßªØ‘°‘√‘¬“„π Diisoproplyether

 Ÿß°«à“°“√‡√àßªØ‘°‘√‘¬“„π Di-n-butyl ether ‡≈Á°πâÕ¬  ∑—Èßπ’È‡π◊ËÕß¡“®“°‚§√ß √â“ß¢Õß Diisoproplyether ‡ªìπ°‘Ëß

°â“π (branch chain) ́ ÷Ëß‡Õπ‰´¡å‰≈‡ª µ√÷ß “¡“√∂· ¥ß·Õ§µ‘«‘µ’ Ÿß°«à“„πµ—«∑”≈–≈“¬Õ‘π∑√’¬å∑’Ë‡ªìπ “¬µ√ß (straight

chain) ·≈– ”À√—∫ª√‘¡“≥πÈ”∑’Ë∑”„Àâ‡Õπ‰´¡å¡’·Õ§µ‘«‘µ’ Ÿß ÿ¥‡¡◊ËÕæ‘®“√≥“∑’Ë§à“ log P Diisoproplyether ¡’§à“ log

P µË”°«à“ ®÷ßµâÕß°“√πÈ”¡“°°«à“„π°“√∑’Ë®–√—°…“‚§√ß√Ÿª¢Õß‡Õπ‰´¡å ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ Di-n-butyl ether ·≈–

„Àâº≈‡™àπ‡¥’¬«°—∫°“√∑¥ Õ∫·Õ§µ‘«‘µ’¢Õß‡Õπ‰´¡å„πµ—«∑”≈–≈“¬Õ‘π∑√’¬å„π°≈ÿà¡Õ–≈‘ø“µ‘°‰Œ‚¥√§“√å∫Õπ (aliphatic

hydrocarbon) ∑’Ëæ∫«à“‡¡◊ËÕ‡√àßªØ‘°‘√‘¬“„π‰Õ‚´ÕÕ°‡∑π∑’Ë¡’§«“¡‰¡à™Õ∫πÈ” Ÿß·≈–¡’‚§√ß √â“ß∑’Ë‡ªìπ°‘Ëß°â“π ‡Õπ‰´¡å

¡’·Õ§µ‘«‘µ’ Ÿß ÿ¥„πª√‘¡“≥πÈ”∑’Ë‡À¡“– ¡ ”À√—∫µ—«∑”≈–≈“¬Õ‘π∑√’¬å·≈–™π‘¥¢ÕßªØ‘°‘√‘¬“·≈– ”À√—∫ß“π«‘®—¬∑’Ë

»÷°…“ªØ‘°‘√‘¬“‡Õ ‡∑Õ√‘øî‡§™—π¢Õß‡Õπ‰´¡å‰≈‡ª ®“°‡™◊ÈÕ™π‘¥‡¥’¬«°—π∑’Ëµ√÷ß∫π¢’È‡∂â“·°≈∫„πµ—«∑”≈–≈“¬Õ‘π∑√’¬å

¢Õß¡πµ√’ ·≈–§≥– [16] °Á„Àâº≈‡™àπ‡¥’¬«°—π ‚¥¬µ—«∑”≈–≈“¬Õ‘π∑√’¬å∑’Ë¡’§ÿ≥ ¡∫—µ‘‰Œ‚¥√‚ø∫‘§´÷Ëß‰¡à≈–≈“¬πÈ”®÷ß

‰¡à¥÷ßπÈ”∑’Ë≈âÕ¡√Õ∫‚¡‡≈°ÿ≈‡Õπ‰´¡å∑”„Àâ‚§√ß√Ÿª¢Õß‡Õπ‰´¡å‰¡à‡ª≈’Ë¬π·ª≈ß ‡Õπ‰´¡å¬—ß§ß¡’·Õ§µ‘«‘µ’∑’Ë Ÿß ‚¥¬æ∫

«à“‰Õ‚´ÕÕ°‡∑π‡ªìπµ—«∑”≈–≈“¬Õ‘π∑√’¬å∑’Ë∑”„Àâ‡Õ ‡∑Õ√‘øî‡§™—π·Õ§µ‘«‘µ’¢Õß‡Õπ‰´¡åµ√÷ß Ÿß ÿ¥ °≈à“«‰¥â«à“°“√∑’Ë

‡Õπ‰´¡å¡’ Enantioselectivity ‡æ‘Ë¡¢÷Èπ‡ªìπº≈¡“®“°°“√‡ª≈’Ë¬π·ª≈ßµ—«∑”≈–≈“¬Õ‘π∑√’¬å„πªØ‘°‘√‘¬“´÷Ëß‰ª∑”„Àâ

§«“¡¬◊¥À¬ÿàπ¢Õß‚¡‡≈°ÿ≈‡Õπ‰´¡å≈¥≈ß ‚¥¬µ—«∑”≈–≈“¬Õ‘π∑√’¬å¡’§à“ Dielectric constant µË”°«à“‡¡◊ËÕ‡∑’¬∫°—∫

 ¿“«–∑’Ë‡ªìππÈ” ∑”„Àâ·√ß¬÷¥‡Àπ’Ë¬«¿“¬„π‚¡‡≈°ÿ≈¢Õß‡Õπ‰´¡å¡’¡“°¢÷Èπ (intramolecular electrostatic

interaction) ‡Õπ‰´¡å®÷ß¡’§«“¡¬◊¥À¬ÿàπµË”  àßº≈„Àâ¡’ Enantioselectivity ‡æ‘Ë¡¢÷Èπ ‚¥¬∑’Ë¡’·Õ§µ‘«‘µ’µË”≈ß [17, 18]

√Ÿª∑’Ë 5  °“√„™â tert-butyl alcohol ‡ªìπµ—«∑”≈–≈“¬√à«¡ µàÕª√‘¡“≥º≈‘µ¿—≥±å·≈–

Enantiomeric excess ¢Õß α-hydroxy octanoic acid menthyl ester
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®“°√“¬ß“π°“√«‘®—¬¢Õß Mohile ·≈–§≥– [19] ∑’Ë»÷°…“°“√‡√àßªØ‘°‘√‘¬“‰Œ‚¥√‰≈´‘ ¥â«¬‡Õπ‰´¡å‰≈‡ª ®“°

C. rugosa æ∫«à“‡Õπ‰´¡å¡’§«“¡®”‡æ“–µàÕ (R)-isomer ¢Õß “√µ—Èßµâπ∑’Ë„™â (Butyl 2-(4-chlorophenoxy)

propionate) „π ¿“«–∑’Ë¡’µ—«°≈“ß‡ªìπ Ionic liquid √à«¡°—∫∫—æ‡øÕ√å °≈à“«‰¥â«à“  ¿“«–·«¥≈âÕ¡ àßº≈µàÕ‚§√ß√à“ß

¢Õß‡Õπ‰´¡å´÷Ëß∑”„Àâ‡Õπ‰´¡å¡’§«“¡ “¡“√∂·≈–§«“¡®”‡æ“–„π°“√∑”ß“π‡√àßªØ‘°‘√‘¬“µà“ß°—π‰ª

‡π◊ËÕß®“°µ—«∑”≈“¬Õ‘π∑√’¬å·µà≈–™π‘¥¡’º≈µàÕ°“√∑”ß“π¢Õß‡Õπ‰´¡åµà“ß°—π „π°“√»÷°…“µàÕ‰ª„™â tert-

butyl alcohol ª√‘¡“≥√âÕ¬≈– 1 ‡ªìπµ—«∑”≈–≈“¬√à«¡ √à«¡°—∫‰Õ‚´ÕÕ°‡∑π ‡ªìπµ—«°≈“ß„π°“√‡√àßªØ‘°‘√‘¬“¥â«¬

‡Õπ‰´¡å‰≈‡ª ∑’Ëµ√÷ß∫π¢’È‡∂â“·°≈∫

2. °“√»÷°…“º≈¢Õßª√‘¡“≥πÈ”„π√–∫∫
®“°°“√∑¥≈Õß∑’Ëºà“π¡“∑”„Àâ∑√“∫«à“ ‘Ëß∑’ËµâÕßæ‘®“√≥“‡¡◊ËÕ‡Õπ‰´¡å∑”ß“π„πµ—«°≈“ß∑’Ë‡ªìπµ—«∑”

≈–≈“¬Õ‘π∑√’¬å§◊ÕÕ—πµ√°‘√‘¬“¢Õßµ—«∑”≈–≈“¬Õ‘π∑√’¬å°—∫πÈ”∑’Ë¡’Õ¬Ÿà∫π‡Õπ‰´¡å ¥—Èßπ—ÈππÈ”∑’Ë¡’Õ¬Ÿà„π√–∫∫®÷ß‡ªìπ ‘Ëß

 ”§—≠„π°“√‡√àßªØ‘°‘√‘¬“‚¥¬‡Õπ‰´¡å„πµ—«∑”≈–≈“¬Õ‘π∑√’¬å

√Ÿª∑’Ë 6 · ¥ßº≈¢Õß°“√‡ª≈’Ë¬π·ª≈ßª√‘¡“≥πÈ”„π√–∫∫µàÕ°“√∑”ß“π¢Õß‡Õπ‰´¡åµ√÷ß ‚¥¬æ∫«à“‡¡◊ËÕ

πÈ”„π√–∫∫¡’¡“°¢÷Èπ ‡Õπ‰´¡å “¡“√∂‡√àßªØ‘°‘√‘¬“‡°‘¥º≈‘µ¿—≥±å α-hydroxy octanoic acid menthyl ester „π

ª√‘¡“≥∑’ËµË”≈ß ‚¥¬∑’Ë‡Õπ‰´¡å¬—ß§ß¡’§«“¡®”‡æ“–µàÕº≈‘µ¿—≥±å (S)-isomer

√Ÿª∑’Ë 6  ª√‘¡“≥πÈ”„πªØ‘°‘√‘¬“µàÕª√‘¡“≥º≈‘µ¿—≥±å ·≈– Enantiomeric excess ¢Õß α-hydroxy

octanoic acid menthyl ester  ∑’Ë‡°‘¥¢÷Èπ‚¥¬„™â‡Õπ‰´¡å‰≈‡ª µ√÷ß∫π¢’È‡∂â“·°≈∫

‡√àßªØ‘°‘√‘¬“„π‰Õ‚´ÕÕ°‡∑π∑’Ë¡’√âÕ¬≈– 1 tert-butyl alcohol

∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡´’¬  ‡«≈“ 24 ™—Ë«‚¡ß
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‡π◊ËÕß®“°‡Õπ‰´¡åµâÕß°“√πÈ”„πª√‘¡“≥∑’Ë‡À¡“– ¡„π°“√√—°…“‚§√ß √â“ß¢Õß‡Õπ‰´¡å‡æ◊ËÕ„™â„π°“√‡√àß

ªØ‘°‘√‘¬“ ‡¡◊ËÕ¡’ª√‘¡“≥πÈ”¡“°‡°‘π‰ª·Õ§µ‘«‘µ’¢Õß‡Õπ‰´¡å®–≈¥≈ß ‡π◊ËÕß®“°‚§√ß√Ÿª¢Õß‡Õπ‰´¡å¡’§«“¡¬◊¥À¬ÿàπ

¡“°‡°‘π‰ª‰¡à‡À¡“–·°à°“√∑”ß“π‡√àßªØ‘°‘√‘¬“¢Õß‡Õπ‰´¡å ·≈–πÈ”∑’Ë¡“°‡°‘π‰ªπ’È∑”„Àâ‡°‘¥°“√‡√àßªØ‘°‘√‘¬“¬âÕπ°≈—∫

¢Õßº≈‘µ¿—≥±å·≈–¬—ß∑”„Àâ‡°‘¥°“√µâ“π∑“π°“√·æ√à¢Õß —∫ ‡µ√∑‡¢â“‰ª¬—ß∫√‘‡«≥‡√àß¢Õß‡Õπ‰´¡å àßº≈„Àâ‡Õπ‰´¡å

‡√àßªØ‘°‘√‘¬“‰¥â≈¥≈ß ·≈–À“°«à“ª√‘¡“≥πÈ”„π√–∫∫¡’πâÕ¬‡°‘π‰ªµ—«∑”≈–≈“¬Õ‘π∑√’¬å¥÷ßπÈ”ÕÕ°®“°‚¡‡≈°ÿ≈‡Õπ‰´¡å

∑”„Àâ‚§√ß√Ÿª‡Õπ‰´¡å‰¡à‡À¡“–°—∫°“√‡√àßªØ‘°‘√‘¬“  ¡√‡¡∏ ·≈–§≥– [20] »÷°…“°“√„™â‡Õπ‰´¡å‰≈‡ª ®“°

Candida rugosa ∑’Ë∂Ÿ°µ√÷ß∫π¢’È‡∂â“·°≈∫ ‡√àßªØ‘°‘√‘¬“‡Õ ‡∑Õ√‘øî‡§™—π¢Õß°√¥‰¢¡—πÕ‘ √–®“°πÈ”¡—π√”¢â“«·≈–

‡Õ∑∏“πÕ≈„π‡Œ°‡´π ‚¥¬»÷°…“‡æ◊ËÕÀ“ª√‘¡“≥πÈ”∑’Ë‡À¡“– ¡ ”À√—∫ªØ‘°‘√‘¬“ æ∫«à“∑’Ëª√‘¡“≥πÈ”„πªØ‘°‘√‘¬“‡ªìπ 40

‰¡‚§√≈‘µ√ ‡Õπ‰´¡å‡√àßªØ‘°‘√‘¬“ ´÷Ëß‡¡◊ËÕ‡æ‘Ë¡πÈ”„πªØ‘°‘√‘¬“‡Õ ‡∑Õ√‘øî‡§™—π‡°‘¥‰¥âπâÕ¬≈ß ‚¥¬ ¡¥ÿ≈¢ÕßªØ‘°‘√‘¬“®–

‡ª≈’Ë¬π‰ª„π∑“ß‰Œ‚¥√‰≈´‘ ¡“°°«à“ „π¢≥–∑’Ë®‘µ«√√≥ ·≈–§≥– [21] √“¬ß“π∂÷ßª√‘¡“≥πÈ”∑’Ë‡À¡“– ¡ ”À√—∫

°“√ªØ‘°‘√‘¬“‰Œ‚¥√‰≈´‘ „π‡Œ°‡´π∑’ËÕ‘Ë¡µ—«¥â«¬πÈ”‚¥¬‡Õπ‰´¡åµ√÷ß™π‘¥‡¥’¬«°—π‡ªìπ 50 ‰¡‚§√≈‘µ√ (√âÕ¬≈– 1 (ª√‘¡“µ√

µàÕª√‘¡“µ√‡Œ°‡´π)) ·≈–æ∫«à“°“√‡µ‘¡πÈ”„π√–∫∫¡“°‡°‘π‰ª§à“·Õ§µ‘«‘µ’®–≈¥≈ß ‡æ√“–‡Õπ‰´¡å‡°‘¥°“√‡°“–°—π

‡ªìπ°âÕπ À√◊Õ™—Èπ¢ÕßπÈ”≈âÕ¡√Õ∫‡Õπ‰´¡åÀπ“¢÷Èπ ∑”„Àâ®”°—¥°“√∂à“¬‡∑¡«≈ ¡πµ√’ ·≈–§≥– [16] »÷°…“°“√‡°‘¥

ªØ‘°‘√‘¬“‡Õ ‡∑Õ√‘øî‡§™—π®“°°√¥‰¢¡—πÕ‘ √–®“°πÈ”¡—π¡–°Õ°·≈–∫‘«∑“πÕ≈¥â«¬‡Õπ‰´¡å‰≈‡ª µ√÷ß®“°‡™◊ÈÕ™π‘¥

‡¥’¬«°—π‡√àßªØ‘°‘√‘¬“„π‰Õ‚´ÕÕ°‡∑π æ∫«à“ª√‘¡“≥πÈ”∑’Ë‡À¡– ¡µàÕ°“√‡√àßªØ‘°‘√‘¬“¢Õß‡Õπ‰´¡åµ√÷ß∑’ËÕÿ≥À¿Ÿ¡‘ 10 Õß»“

‡´≈‡´’¬  ‡ªìπ 30 ‰¡‚§√≈‘µ√ §‘¥‡ªìπ√âÕ¬≈– 0.6 (ª√‘¡“µ√µàÕª√‘¡“µ√‰Õ‚´ÕÕ°‡∑π) ´÷Ëß Õ¥§≈âÕß°—∫Õπ√√¶Õ√

·≈–§≥– [22] ∑’Ë∑”°“√»÷°…“°“√‡√àßªØ‘°‘√‘¬“¢Õß‡Õπ‰´¡å‰≈‡ª µ√÷ß™π‘¥‡¥’¬«°—π∑’ËÕÿ≥À¿Ÿ¡‘ 10 20 30 40 ·≈– 50

Õß»“‡´≈‡´’¬  ‚¥¬æ∫«à“‰¡à«à“‡ªìπ°“√»÷°…“∑’ËÕÿ≥À¿Ÿ¡‘„¥Ê ‡Õπ‰´¡å¡’‡Õ ‡∑Õ√‘øî‡§™—π·Õ§µ‘«‘µ’ Ÿß ÿ¥‡¡◊ËÕ¡’ª√‘¡“≥

πÈ”„π√–∫∫√âÕ¬≈– 0.6 °“√§«∫§ÿ¡ª√‘¡“≥πÈ”„π√–∫∫¢Õß°“√„™â‡Õπ‰´¡å‡√àßªØ‘°‘√‘¬“°“√ —ß‡§√“–Àå∂◊Õ«à“‡ªìπ ‘Ëß

 ”§—≠¬‘Ëß  ‡π◊ËÕß®“°°√–∫«π°“√‡À≈à“π’ÈÕ¬Ÿà∫πæ◊Èπ∞“π¢Õß°“√‡ª≈’Ë¬π·ª≈ß‡æ◊ËÕ§«“¡‡À¡“– ¡¢Õß ¡¥ÿ≈‡§¡’∑’Ë¡’µàÕ

Thermodynamics reversible ¢ÕßªØ‘°‘√‘¬“ ´÷Ëß°“√„™â‡Õπ‰´¡å‡√àßªØ‘°‘√‘¬“°“√ —ß‡§√“–Àåπ—Èπ ‚¡‡≈°ÿ≈¢Õß‡Õπ‰´¡å

µâÕß°“√¡’ hydration layer ´÷Ëß∑”Àπâ“∑’Ë‡ªìπ‡À¡◊Õπ°—∫ buffer Õ¬Ÿà√–À«à“ßæ◊Èπº‘«√Õ∫Ê ‡Õπ‰´¡å°—∫µ—«∑”≈–≈“¬

Õ‘π∑√’¬å ´÷Ëßª√‘¡“≥πÈ”∑’ËµâÕß°“√π’È¢÷ÈπÕ¬Ÿà°—∫™π‘¥¢Õß‡Õπ‰´¡å æ“À–∑’Ë„™âµ√÷ß‡Õπ‰´¡å ·≈–µ—«∑”≈–≈“¬Õ‘π∑√’¬å∑’Ë‡ªìπ

µ—«°≈“ß„πªØ‘°‘√‘¬“ [23] ‚¥¬∂â“ª√‘¡“≥πÈ”Õ¬Ÿà„π√–¥—∫µË”®–∑”„Àâ√–¥—∫§«“¡‰¡à¬◊¥À¬ÿàπµ—«¢Õß‡Õπ‰´¡å‡æ‘Ë¡ Ÿß¢÷Èπ ·≈–

π—Ëπ§◊Õ‡ªìπ°“√ª√—∫ª√ÿß Enantioselectivity ¢Õß‡Õπ‰´¡å [24, 25] „π°“√∑¥≈ÕßµàÕ‰ª„™âª√‘¡“≥πÈ”„π√–∫∫∑’Ë√âÕ¬

≈– 0.6 ‡π◊ËÕß®“°º≈°“√∑¥≈Õß· ¥ß„Àâ‡ÀÁπ«à“¡’º≈‘µ¿—≥±å‡°‘¥¢÷Èπ Ÿß ÿ¥

3. °“√»÷°…“ª√‘¡“≥ “√µ—Èßµâπ∑’Ë‡À¡“– ¡
‡π◊ËÕß®“°°“√∑”ß“π¢Õß‡Õπ‰´¡å„π·µà≈–√–∫∫µâÕß¡’ª√‘¡“≥ “√µ—Èßµâπ∑’Ë‡À¡“– ¡§à“Àπ÷Ëß∑’Ë∑”„Àâ

‡Õπ‰´¡å¡’ª√– ‘∑∏‘¿“æ Ÿß ÿ¥„π°“√∑”ß“π

®“°°“√∑¥≈Õß æ∫«à“‡¡◊ËÕÕ—µ√“ à«π®”π«π‚¡≈¢Õß·Õ≈°ÕŒÕ≈å°—∫°√¥‰¢¡—π‡æ‘Ë¡¢÷Èπ º≈‘µ¿—≥±å (S)-

isomer ¢Õß α-Hydroxy octanoic acid menthyl ester °Á‡æ‘Ë¡¢÷Èπ¥â«¬  ®π°√–∑—Ëß‡¡◊ËÕÕ—µ√“ à«π¢Õß —∫ ‡µ√∑¡’

§à“¡“°°«à“ 7.5 º≈‘µ¿—≥±å (S)-isomer °≈—∫≈¥≈ß  à«πº≈‘µ¿—≥±å (R)-isomer ‡°‘¥¢÷Èπ¡’§à“§àÕπ¢â“ß§ß∑’Ë‰¡à«à“

Õ—µ√“ à«π¢Õß “√µ—Èßµâπ¡’§à“‡ª≈’Ë¬π·ª≈ß‰ª‡∑à“„¥°Áµ“¡ ∑”„Àâ enantiomeric excess ¡’§à“§àÕπ¢â“ß§ß∑’Ë · ¥ß„π

√Ÿª∑’Ë 7
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®“°°“√»÷°…“ª√‘¡“≥ “√µ—Èßµâπ∑’Ë‡À¡“– ¡µàÕ‡Õπ‰´¡å  °≈à“«‰¥â«à“  µ√“∫„¥∑’Ë∫√‘‡«≥‡√àß¢Õß‡Õπ‰´¡å

¬—ß‰¡àÕ‘Ë¡µ—« —∫ ‡µ√∑  °“√‡æ‘Ë¡ª√‘¡“≥ —∫ ‡µ√∑‡¢â“‰ª„π√–∫∫∑”„Àâ —∫ ‡µ√∑®—∫∑’Ë∫√‘‡«≥‡√àß¢Õß‡Õπ‰´¡å‰¥â¡“°¢÷Èπ

°“√∑”ß“π¢Õß‡Õπ‰´¡å°Á‡æ‘Ë¡¢÷Èπ  àßº≈„Àâº≈‘µ¿—≥±å¡’¡“°¢÷Èπ¥â«¬ „π∑“ß°≈—∫°—π ∂â“ª√‘¡“≥ —∫ ‡µ√∑¡’¡“°‡°‘πæÕ

∫√‘‡«≥‡√àß¢Õß‡Õπ‰´¡åÕ‘Ë¡µ—«‰ª¥â«¬ —∫ ‡µ√∑∑”„Àâ‡Õπ‰´¡å¡’°‘®°√√¡∑’Ë§ß∑’Ë∂÷ß·¡â®–‡æ‘Ë¡§«“¡‡¢â¡¢âπ¢Õß

 —∫ ‡µ√∑Õ’°°Á‰¡à¡’∑’Ë«à“ßæÕ∑’Ë®–„Àâ —∫ ‡µ√∑‡¢â“‰ª®—∫∑’Ë∫√‘‡«≥‡√àß¢Õß‡Õπ‰´¡å‰¥âÕ’°  ·µàÀ“° —∫ ‡µ√∑¡’ª√‘¡“≥

¡“°¢÷Èπ¡“°Ê  Õ“®∑”„Àâ‡°‘¥°“√¬—∫¬—Èß°“√∑”ß“π¢Õß‡Õπ‰´¡å‚¥¬ —∫ ‡µ√∑ (substrate inhibition) °‘®°√√¡¢Õß

‡Õπ‰´¡å·≈–º≈‘µ¿—≥±å®÷ß≈¥≈ß ‡π◊ËÕß®“°ª√‘¡“≥ “√∑’Ë¡’¡“°‡°‘π‰ª∑”„Àâ°“√‡§≈◊ËÕπ∑’Ë‡¢â“À“∫√‘‡«≥ active site ¢Õß

‡Õπ‰´¡å‡°‘¥¢÷Èπ‰¥âÕ¬à“ß®”°—¥ [26-28] ®“°ß“π«‘®—¬¢Õß¡πµ√’ ·≈–§≥– [16] √“¬ß“π∂÷ßª√‘¡“≥ “√µ—Èßµâπ∑’Ë‡À¡“–

 ¡µàÕ°“√∑”ß“π¢Õß‰≈‡ª ®“° Candida rugosa ∑’Ëµ√÷ß∫π¢’È‡∂â“·°≈∫‡√àßªØ‘°‘√‘¬“‡Õ ‡∑Õ√‘øî‡§™—π„π‰Õ‚´ÕÕ°‡∑π

§◊Õ °√¥‰¢¡—πÕ‘ √– 200 ‰¡‚§√≈‘µ√ ·≈–∫‘«∑“πÕ≈ 50 ‰¡‚§√≈‘µ√ ·≈–‡¡◊ËÕ∑”°“√‡ª√’¬∫‡∑’¬∫Õ—µ√“ à«π®”π«π

‚¡≈√–À«à“ß∫‘«∑“πÕ≈µàÕ°√¥‰¢¡—πÕ‘ √– æ∫«à“‡¡◊ËÕÕ—µ√“ à«π®”π«π‚¡≈¡’§à“πâÕ¬·Õ§µ‘«‘µ’¢Õß‡Õπ‰´¡åµË” ‡π◊ËÕß®“°

 “√µ—Èßµâπ∑’Ë¡’ª√‘¡“≥πâÕ¬‡ªìπµ—«°”Àπ¥ª√‘¡“≥ “√„π°“√‡°‘¥‡Õ ‡∑Õ√å „π¢≥–∑’ËÕ—µ√“ à«π®”π«π‚¡≈¡’§à“¡“°

·Õ§µ‘«‘µ’¢Õß‡Õπ‰´¡å°ÁµË”‡™àπ°—π ‡π◊ËÕß®“° “√µ—Èßµâπ∑’Ë¡’¡“°‡°‘πæÕ àßº≈°√–∑∫µàÕ‡Õπ‰´¡å ·≈–πÕ°®“°π’È

ª√‘¡“≥ “√µ—Èßµâπ∑’Ë¡’Õ¬Ÿà‡ªìπµ—«∑’Ë„™â∑”π“¬§à“§ß∑’Ë ¡¥ÿ≈¢ÕßªØ‘°‘√‘¬“¬âÕπ°≈—∫∑’Ë‡°‘¥¢÷Èπ‰¥â  ́ ÷Ëßπ”‰ª Ÿà Stereoselectivity

¢Õß‡Õπ‰´¡å

4. °“√»÷°…“º≈¢Õßæ“À–·≈–«‘∏’°“√µ√÷ß‡Õπ‰´¡å
‡π◊ËÕß®“°°“√„™â‡Õπ‰´¡åÕ‘ √–‡√àßªØ‘°‘√‘¬“„πµ—«∑”≈–≈“¬Õ‘π∑√’¬åæ∫«à“‡Õπ‰´¡å‰¡à≈–≈“¬·≈–‡°“–°—π

‡ªìπ°âÕπ ·æ√à°√–®“¬‰¥â‰¡à ¡Ë”‡ ¡Õ ∑”„Àâ‡Õπ‰´¡å¡’·Õ§µ‘«‘µ’µË” ®÷ß‰¥â¡’°“√·°âªí≠À“‚¥¬µ√÷ß‡Õπ‰´¡å‰«â∫πæ“À–

√Ÿª∑’Ë 7  Õ—µ√“ à«π®”π«π‚¡≈¢Õß “√µ—ÈßµâπµàÕª√‘¡“≥º≈‘µ¿—≥±å ·≈– enantiomeric excess ¢Õß

α-hydroxy octanoic acid menthyl ester ∑’Ë‡°‘¥¢÷Èπ‚¥¬„™â‡Õπ‰´¡å‰≈‡ª µ√÷ß∫π

¢’È‡∂â“·°≈∫‡√àßªØ‘°‘√‘¬“„π‰Õ‚´ÕÕ°‡∑π∑’Ë¡’√âÕ¬≈– 1 tert-butyl alcohol
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µ√÷ß∑”„Àâ‡Õπ‰´¡å°√–®“¬‰¥â„πæ◊Èπ∑’Ë«à“ß∫πæ“À–µ√÷ß ·Õ§µ‘«‘µ’¢Õß‡Õπ‰´¡å®÷ß Ÿß¢÷Èπ ¥—ßπ—Èπæ“À–µ√÷ß®÷ß‡ªìπÕ’°

ªí®®—¬Àπ÷Ëß∑’Ë àß‡ √‘¡°“√‡√àßªØ‘°‘√‘¬“¢Õß‡Õπ‰´¡å„πµ—«∑”≈–≈“¬Õ‘π∑√’¬å „πß“π«‘®—¬π’È®÷ß‰¥â‡ª√’¬∫‡∑’¬∫§«“¡ “¡“√∂

„π°“√‡√àßªØ‘°‘√‘¬“¢Õß‡Õπ‰´¡å Õß™π‘¥∑’Ëµ√÷ß∫π¢’È‡∂â“·°≈∫°—∫∑’Ë Entrapment in sol-gel

®“°µ“√“ß∑’Ë 1 æ∫«à“‡Õπ‰´¡å∑’Ë„™â·¡â‡ªìπ™π‘¥‡¥’¬«°—π ·µàæ“À–·≈–«‘∏’°“√µ√÷ß∑’Ë·µ°µà“ß°—π°Á∑”„Àâ

§«“¡ “¡“√∂¢Õß‡Õπ‰´¡å„π°“√‡√àßªØ‘°‘√‘¬“µà“ß°—π‰ª ®‘µ«√√≥ ·≈–§≥– [21] π”¢’È‡∂â“·°≈∫‰ª‡º“„π‡µ“‡º“Õÿ≥À¿Ÿ¡‘

700 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 2 ™—Ë«‚¡ß ·≈–»÷°…“§«“¡‡¢â¡¢âπ¢Õß°√¥∑’Ë‡À¡“– ¡„π°“√™–¢’È‡∂â“·°≈∫‡æ◊ËÕ„Àâ‡°‘¥

§«“¡æ√ÿπ∑’Ë‡À¡“– ¡µàÕ°“√µ√÷ß‡Õπ‰´¡å‰≈‡ª ®“° Candida rugosa ·≈â«π”‰ª‡√àßªØ‘°‘√‘¬“‰Œ‚¥√‰≈´‘ „π√–∫∫∑’Ë

¡’‡Œ°‡´π‡ªìπµ—«°≈“ß æ∫«à“°“√µ√÷ß‡Õπ‰´¡å∫π¢’È‡∂â“·°≈∫∑’Ë∂Ÿ°™–¥â«¬°√¥‡¢â¡¢âπ√âÕ¬≈– 10 ‡Õπ‰´¡åµ√÷ß¡’

·Õ§µ‘«‘µ’ Ÿß ÿ¥ ·≈–¡’·π«‚πâ¡≈¥≈ß‡¡◊ËÕ‡æ‘Ë¡§«“¡‡¢â¡¢âπ¢Õß°√¥¢÷Èπ  à«π°“√µ√÷ß∫π¢’È‡∂â“·°≈∫∑’Ë‰¡à‰¥â∂Ÿ°™–¥â«¬

°√¥‡Õπ‰´¡å Ÿ≠‡ ’¬·Õ§µ‘«‘µ’∑—ÈßÀ¡¥ Õ“®‡π◊ËÕß®“°«à“¢’È‡∂â“·°≈∫π—Èπ¡’‚≈À– („π√ŸªÕÕ°‰´¥å´÷Ëß “¡“√∂¬—∫¬—Èß°“√

∑”ß“π¢Õß‡Õπ‰´¡å‰¥â¥’) °“√™–¥â«¬°√¥∑”„Àâ‚≈À–‡À≈à“π’ÈÀ≈ÿ¥ÕÕ° ·≈–‚§√ß √â“ß¢’È‡∂â“·°≈∫‡°◊Õ∫∑—ÈßÀ¡¥Õ¬Ÿà„π

√Ÿª´‘≈‘°Õπ‰¥ÕÕ°‰´¥å ÕÕ°‰´¥å™π‘¥π’È¡’ª√–®ÿ≈∫ ®“°°“√µ√÷ß‡Õπ‰´¡å∑’ËÕ“»—¬À≈—°°“√¥÷ß¥Ÿ¥ª√–®ÿ¢Õß‡Õπ‰´¡å°—∫

æ“À–µ√÷ß∑”„Àâ “¡“√∂µ√÷ßæ“À–µ√÷ß∑’Ë¡’ª√–®ÿ≈∫¢â“°—∫‡Õπ‰´¡å∑’Ë¡’ª√–®ÿ∫«°¥â«¬æ—π∏–Õ‘ÕÕπ‘°‰¥â   ¡√‡¡∏ ·≈–§≥–

[20] »÷°…“∂÷ß ¿“«–∑’Ë‡À¡“– ¡„π°“√‡µ√’¬¡¢’È‡∂â“·°≈∫ ‡æ◊ËÕ„™â‡ªìπæ“À–„π°“√µ√÷ß‡Õπ‰´¡å‰≈‡ª  ‚¥¬À“

Õÿ≥À¿Ÿ¡‘·≈–‡«≈“∑’Ë‡À¡“– ¡„π°“√‡º“¢’È‡∂â“·°≈∫ æ∫«à“°“√„™â¢’È‡∂â“·°≈∫‡º“∑’ËÕÿ≥À¿Ÿ¡‘ 500 Õß»“‡´≈‡´’¬  ‡ªìπ

‡«≈“ 2 ™—Ë«‚¡ß ·≈–∑”°“√ª√—∫ ¿“æ¢’È‡∂â“·°≈∫¥â«¬°√¥´—≈øŸ√‘§‡¢â¡¢âπ√âÕ¬≈– 10 (ª√‘¡“µ√µàÕª√‘¡“µ√) ‡ªìπ

æ“À–„π°“√µ√÷ß‡Õπ‰´¡å‰≈‡ª ‡√àßªØ‘°‘√‘¬“„πµ—«∑”≈–≈“¬Õ‘π∑√’¬å·≈â«„Àâ·Õ§µ‘«‘µ’ Ÿß ÿ¥ ‡¡◊ËÕπ”¢’È‡∂â“·°≈∫∑’Ëºà“π

°“√ª√—∫ ¿“æ„Àâ‡À¡“– ¡¡“„™â‡ªìπæ“À–µ√÷ß‡Õπ‰´¡å‰≈‡ª ‡ª√’¬∫‡∑’¬∫°—∫°“√µ√÷ß∫π Celite æ∫«à“°“√µ√÷ß

‡Õπ‰´¡å‚¥¬„™â¢’È‡∂â“·°≈∫‡ªìπæ“À–µ√÷ß„Àâ§à“·Õ§µ‘«‘µ’¢Õß‡Õπ‰´¡å¥’°«à“°“√„™â Celite «‘∏’°“√µ√÷ß‡Õπ‰´¡å¡’¥â«¬°—π

À≈“¬«‘∏’ ·µà‰¡à¡’«‘∏’„¥∑’Ë “¡“√∂„™â‰¥â∑ÿ°°√≥’ ‡π◊ËÕß®“°‡Õπ‰´¡å·µà≈–™π‘¥¡’§«“¡·µ°µà“ß°—π∑—Èß∑“ß¥â“πÕß§å

ª√–°Õ∫¢Õß‚§√ß √â“ß  ¡∫—µ‘∑“ß‡§¡’ √«¡∂÷ß§«“¡™Õ∫„π°“√‡√àßªØ‘°‘√‘¬“°—∫ “√µ—Èßµâπ·µà≈–™π‘¥ ¥—ßπ—Èπ„π°“√

ª√–¬ÿ°µå„™â‡∑§π‘§°“√µ√÷ß‡Õπ‰´¡å®÷ß§«√æ‘®“√≥“∂÷ßµâπ∑ÿπ°“√º≈‘µ §«“¡ –¥«°„π°“√µ√÷ß ·≈–‡Õπ‰´¡åµ√÷ß

 “¡“√∂√—°…“·Õ§µ‘«‘µ’‰¥â¡“°∑’Ë ÿ¥ µ≈Õ¥®π¡’§«“¡‡ ∂’¬√„π√–À«à“ß°“√„™âß“π ¢’È‡∂â“·°≈∫®÷ß‡À¡“– ”À√—∫„™â‡ªìπ

æ“À–µ√÷ß‡Õπ‰´¡å‡æ◊ËÕ‡√àßªØ‘°‘√‘¬“°“√ —ß‡§√“–Àå α-hydroxy octanoic acid menthyl ester „π√–∫∫∑’Ë¡’

µ—«°≈“ß‡ªìπµ—«∑”≈–≈“¬Õ‘π∑√’¬å

µ“√“ß∑’Ë 1 · ¥ßª√‘¡“≥º≈‘µ¿—≥±å α-hydroxy octanoic acid menthyl ester ∑’Ë‡°‘¥®“°°“√

              „™â‡Õπ‰´¡å‰≈‡ª µ√÷ß‡√àßªØ‘°‘√‘¬“‡Õ ‡∑Õ√‘øî‡§™—π

C. rugosa - Adsorption on RHA 22.29 2.06 83.06

- Entrapment in sol-gel 0.09 - 100
C. antractica - Adsorption on RHA 0.12 - 100

- Entrapment in sol-gel - - -

Source of
lipase %ee

Method and support
for immobilization

%Yield

(S)-isomer (R)-isomer
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4.  √ÿªº≈°“√∑¥≈Õß

®“°°“√∑¥≈Õßæ∫«à“™π‘¥·≈–ª√‘¡“≥¢Õßµ—«∑”≈–≈“¬√à«¡ ª√‘¡“≥πÈ” Õ—µ√“ à«π¢Õß “√µ—Èßµâπ √«¡∂÷ß

æ“À–·≈–«‘∏’°“√µ√÷ß‡Õπ‰´¡å ≈â«π àßº≈°√–∑∫µàÕ§«“¡ “¡“√∂„π°“√º≈‘µ·≈–®”·π° R/S-α-hydroxy octanoic

acid menthyl ester ¢Õß‡Õπ‰´¡å‰≈‡ª µ√÷ß∑’Ë‡√àßªØ‘°‘√‘¬“‡Õ ‡∑Õ√‘øî‡§™—π„π‰Õ‚´ÕÕ°‡∑π
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