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∫∑§—¥¬àÕ
°“√æ—≤π“°√√¡«‘∏’°“√ —ß‡§√“–Àå¬“ªØ‘™’«π–≈’‡π‚´≈‘¥ (Linezolid) À√◊Õ∑’Ë¡’™◊ËÕ‡√’¬°∑“ß°“√§â“

«à“ Zyvox˙ ´÷Ëß “¡“√∂µàÕµâ“π‡™◊ÈÕ·∫§∑’‡√’¬·°√¡∫«°‰¥â·≈–¡’ª√‘¡“≥°“√π”‡¢â“·µà≈–ªï Ÿßπ—Èπ¡’§«“¡ ”§—≠
ºŸâ«‘®—¬‰¥âæ—≤π“°√√¡«‘∏’„À¡à„π°“√ —ß‡§√“–Àå “√¡—∏¬—πµ√å¢Õß¬“ªØ‘™’«π–≈’‡π‚´≈‘¥π’È‚¥¬„™âªØ‘°‘√‘¬“·Õ≈§‘‡≈™—π
¢Õß “√§“√å∫“‡¡µ ·≈–ªØ‘°‘√‘¬“°“√ªî¥«ß¿“¬„π‚¡‡≈°ÿ≈∑’Ë¡’°√¥‡ªìπµ—«‡√àßªØ‘°‘√‘¬“¢Õß “√Õ‘ªÕ°‰´¥å
ªØ‘°‘√‘¬“·Õ≈§‘‡≈™—π “¡“√∂„Àâº≈‘µ¿—≥±åÕ‘ªÕ°‰´¥å„π‡ªÕ√å‡´Áπµåº≈‘µ¿—≥±å∑’Ë Ÿß∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ·µà “¡“√∂
‡æ‘Ë¡§à“‡ªÕ√å‡´ÁπµåÕ’·ππ∑‘‚Õ‡¡Õ√‘°‡ÕÁ§‡´  (Percentage enantiomeric excess, %ee) ∑’ËÕÿ≥À¿Ÿ¡‘∑’ËµË”°«à“
-60oC ªØ‘°‘√‘¬“°“√ªî¥«ß‚¥¬¡’°√¥‡ªìπµ—«‡√àßªØ‘°‘√‘¬“„π°“√ —ß‡§√“–Àå “√ª√–°Õ∫‰§√—≈ÕÕ°´“‚´≈‘¥‘‚ππ
π—Èπ‰¡à¢÷ÈπµàÕÕÿ≥À¿Ÿ¡‘·≈–„Àâ‡ªÕ√å‡´Áπµåº≈‘µ¿—≥±å∑’Ë 80-90% Õ¬à“ß‰√°Áµ“¡ %ee ∑’Ë‰¥â®–µË”°«à“¢Õß “√µ—Èßµâπ
„π°“√·¬°º≈‘µ¿—≥±å∑’Ë‰¥â®“°ªØ‘°‘√‘¬“·Õ≈§‘‡≈™—π·≈–ªØ‘°‘√‘¬“°“√‡°‘¥«ßÕÕ°´“‚´≈‘¥‘‚ππæ∫«à“ GC
·≈– HPLC ∑’Ë¡’§Õ≈—¡πå‡ªìπ·∫∫‰§√—≈™π‘¥æ‘‡»… “¡“√∂„™â„π·¬°¢ÕßÕπÿæ—π∏å„π√–∫∫∑’Ëæ—≤π“‰¥â ‚¥¬∑’Ë GC
∑’Ë¡’‡ø §ß∑’Ë·∫∫ OV-1701  “¡“√∂·¬° “√„π√–∫∫∑’Ë¡’À¡Ÿà·∑π∑’Ë¢ÕßÕ–µÕ¡‰π‚µ√‡®π‡ªìπÀ¡Ÿàøïπ‘≈‰¥â
·≈– HPLC µ‘¥µ—Èß¥â«¬§Õ≈—¡πå OJ-H ·≈– OD  “¡“√∂„™â„π°“√·¬° “√¡—∏¬—πµ√åª√–‡¿∑Õ‘ªÕ°‰´¥å 2B-(S)
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·≈– “√¡—∏¬—πµ√åª√–‡¿∑ÕÕ°´“‚´≈‘¥‘‚ππ 3B-(R) ‰¥âµ“¡≈”¥—∫ ‚¥¬∑’Ë§à“ Rs ¢Õß “√∑—Èß Õßπ’È§◊Õ 1.88
·≈– 14.70 µ“¡≈”¥—∫ · ¥ß„Àâ‡ÀÁπ∂÷ß§«“¡ “¡“√∂„π°“√·¬°∑’ËÕ¬Ÿà„π√–¥—∫∑’Ë¥’æÕ„™â ·≈– ¡∫Ÿ√≥åµ“¡≈”¥—∫

§” ”§—≠: ªØ‘°‘√‘¬“°“√ªî¥«ß¿“¬„π‚¡‡≈°ÿ≈ ÕÕ°´“‚´≈‘¥‘‚ππ ¬“ªØ‘™’«π–≈’‡π‚´≈‘¥ °“√·¬°
 “√Õ‘·ππ∑‘‚Õ‡¡Õ√å

Abstract
The development of synthetic methodology for antibiotic Linezolid or so called commercially

Zyvox˙, which can well resist positive gram bacteria and have to be imported annually in large
quantity, is of importance. We have then developed the novel way of synthesizing intermediate
of this antibiotic Linezolid, in which there are two main strategic reactions; the alkylation reaction
of carbamate derivative and the acid-induced intramolecular cyclisation of the obtained epoxide
derivative. The alkylation reaction could generate the epoxide product in high yield at room temperature,
but the decrease in reaction temperature below -60oC could help to increase the yield.
The acid-induced intramolecular cyclisation for the construction of the oxazolidinone building block
is independent to the reaction temperature and able to provide the product in 80-90%, however,
percentage enantiomeric excess (%ee) of the product was obtained in lower level than that
of the starting materials. In order to isolate the products from these alkylation reaction and oxazolidinone
ring formation reaction, GC and HPLC equipped with special chiral column were developed. GC with
OV-1701 type stationary phase was used to isolate compounds in the system having the phenyl
group as the nitrogen atom substitution, and HPLC bearing OJ-H and OD column could isolate
the epoxide type intermediate and the oxazolidinone type intermediate, respectively. The Rs values
of epoxide compound 2B-(S) and oxazolidinone compound 3B-(R) were 1.88 and 14.70, respectively,
demonstrated the acceptably good and the perfect isolation capability, respectively.

Keywords: Intramolecular Cyclisation, Oxazolidinone, Antibiotic Linezolid, Separation of Enantiomers

∫∑π”
 “√ª√–°Õ∫Õ ¡¡“µ√∑’Ë¡’‰§√—≈‡´Áπ‡µÕ√åπ—Èπ

¡’§Ÿà‰Õ‚´‡¡Õ√å¢Õßµ—«‡Õß´÷Ëß®–¡’ Ÿµ√‡§¡’‡À¡◊Õπ°—π
·µà®–·µ°µà“ß°—π‡æ’¬ß‚§√ß √â“ß∑’Ë ‡ªìπ¿“æ
„π°√–®°¢Õß‚¡‡≈°ÿ≈Õ ¡¡“µ√‡¥‘¡´÷Ëß‚¥¬∑—Ë«‰ª
‡√“®–‡√’¬°«à“‰Õ‚´‡¡Õ√å‡™‘ß· ß ‚¥¬∑’Ë§Ÿà‰Õ‚´‡¡Õ√åπ’È
®–¡’ ¡∫—µ‘∑“ß°“¬¿“æ‡À¡◊Õπ°—π∑ÿ°ª√–°“√
¬°‡«âπ°“√∫‘¥√–π“∫· ßπ—Èπ¡—°®–‰¡à “¡“√∂
·¬°ÕÕ°®“°°—π‰¥â‚¥¬°“√µ°º≈÷°À√◊Õ°“√°≈—Ëπ
≈”¥—∫ à«π  ¡∫—µ‘∑“ß‡§¡’‚¥¬∑—Ë«‰ª‰¡à·µ°µà“ß°—π

Õ“®·µ°µà“ß°—π∫â“ß°Á„π°√≥’¢ÕßªØ‘°‘√‘¬“∑’Ë¡’
‰Õ‚´‡¡Õ√å‡™‘ß· ßÕ◊ËπÊ Õ¬Ÿà¥â«¬ À√◊ÕªØ‘°‘√‘¬“
∑’Ë®”‡æ“–‡®“–®ß‡©æ“–ÕÕªµ‘§—≈‰Õ‚´‡¡Õ√å™π‘¥‡¥’¬«
πÕ°®“°π’È„π∏√√¡™“µ‘‡Õß°Á¡’ “√À≈“¬™π‘¥∑’Ë∫‘¥
√–π“∫· ß‰¥â ·µà®–¡’‡æ’¬ß‰Õ‚´‡¡Õ√å‡¥’¬«‡∑à“π—Èπ
∑’Ë®–‡°‘¥ªØ‘°‘√‘¬“∑“ß‡§¡’ À√◊ÕÕÕ°ƒ∑∏‘Ï∑“ß™’«¿“æ
¥—ßµ—«Õ¬à“ß¢Õß “√ÕÕ°ƒ∑∏‘Ï à«π„À≠à∑’Ë„™â√—°…“‚√§
µà“ßÊ °Á¡—°®–¡’‰Õ‚´‡¡Õ√å‡¥’¬«‡∑à“π—Èπ∑’Ë¡’ƒ∑∏‘Ï
∑“ß™’«¿“æ [1]
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°“√·¬° “√√“‡´¡‘§ (Racemic) ∑’Ë¡’
‰Õ‚´‡¡Õ√å ‡™‘ ß· ß∑—È ß Õß™π‘¥º ¡°—πÕ¬Ÿà „π
Õ—µ√“ à«π∑’Ë„°≈â‡§’¬ß°—ππ—Èπ„π∑“ß‡§¡’¡’°“√»÷°…“
°—π¡“·µà‚∫√“≥ ¬ÿ§‡¡◊ËÕ‡°◊Õ∫ 150 ªï∑’Ë·≈â«
´÷Ë ß ¡—¬π—È π¬— ß ‡ªìπ¬ÿ§∫ÿ° ‡∫‘° ‰¡à¡’ ‡§√◊Ë Õß¡◊Õ
°“√·¬°∑’Ë∑—π ¡—¬‡À¡◊Õπ„πªí®®ÿ∫—π °√√¡«‘∏’°“√
·¬°∑’Ë„™â°—π„π¬ÿ§µâπÊ ¡’ 3 «‘∏’À≈—°Ê ‚¥¬«‘∏’∑’Ë 3
‡ªìπ°“√π”‡Õ“»“ µ√å∑“ß™’«‡§¡’¡“ª√–¬ÿ°µå„™â
„π°“√·¬°

1) °“√·¬°‚¥¬„™â¡◊Õ‡≈◊Õ°‡Õ“‰Õ‚´‡¡Õ√å
‡™‘ß· ß∑’Ë¡’√Ÿª√à“ßÀ√◊Õ√Ÿª≈—°…≥å¿“¬πÕ°∑’Ë·µ°µà“ß
°—πÕ¬à“ß‡ÀÁπ‰¥â™—¥ÕÕ°®“°°—π

2) °“√·¬°‚¥¬„™â°√√¡«‘∏’∑“ß‡§¡’§◊Õ
°“√π”‡Õ“ “√º ¡‰ª∑”ªØ‘°‘√‘¬“°—∫ “√ª√–°Õ∫∑’Ë
‡ªìπ‰§√—≈Õ’°™π‘¥Àπ÷Ëß´÷Ëß®–„Àâº≈‘µ¿—≥±å∑’Ë‰¡à‡ªìπ
‰Õ‚´‡¡Õ√å‡™‘ß· ß´÷Ëß°—π·≈–°—π ·≈â«§àÕ¬π”‰ª·¬°
‚¥¬«‘∏’∑“ß°“¬¿“æµàÕ‰ª [2]

3) °“√·¬°‚¥¬«‘∏’∑“ß™’ « ‡§¡’´÷Ë ß „™â
·∫§∑’‡√’¬À√◊Õ‡Õπ‰´¡å™π‘¥æ‘‡»…∑’Ë “¡“√∂°‘π
À√◊Õ¬àÕ¬ ≈“¬‡©æ“–‰Õ‚´‡¡Õ√å ‡¥’¬«‡∑à“π—Èπ
·≈–∑”„Àâ·¬°‰Õ‚´‡¡Õ√å∑’Ë‡À≈◊ÕÕÕ°¡“‰¥â [3]

‡§√◊ËÕß¡◊Õ∑’Ë„™â„π°“√¥Ÿ§«“¡·µ°µà“ß∑“ß
 ‡µÕ√‘‚Õ‡§¡’¢Õß “√®”æ«°‰§√—≈‰¥â„π ¡—¬π—Èπ°Á¡’·§à
‡§√◊ËÕß«—¥§à“‡™‘ß· ß ́ ÷Ëß°ÁÕ“»—¬À≈—°°“√ßà“¬Ê §◊Õ °“√
 àÕß· ß‚æ≈“‰√ ǻ‰ª¬—ßº≈÷°¢Õß “√∑’Ë«—¥π—ÈπÊ
·≈– “√ª√–°Õ∫∑’Ë¡’§ÿ≥ ¡∫—µ‘‡™‘ß· ß∑’Ë·µ°µà“ß°—π°Á®–
 “¡“√∂∫‘¥√–π“∫· ß‚æ≈“‰√ ǻ„π§à“∑’Ë·µ°µà“ß°—π
‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß “√ª√–°Õ∫∑’Ë‡ªìπ‰Õ‚´‡¡Õ√å
‡™‘ß· ßµàÕ°—π®–¡’§à“°“√∫‘¥√–π“∫· ß„π∑‘»∑“ß
µ√ß°—π¢â“¡ Õ¬à“ß‰√°Áµ“¡«‘∏’°“√¥—ß°≈à“«°Á¡’
¢âÕ®”°—¥§◊Õ “¡“√∂∫Õ°§«“¡·µ°µà“ß‰¥â™—¥‡®π
°Á ‡©æ“–„π°√≥’∑’Ë  “√π—Èπ¡’§«“¡∫√‘ ÿ∑∏‘Ï∑“ß
 ‡µÕ√‘‚Õ‡§¡’·≈â«‡∑à“π—Èπ ‡¡◊ËÕ‡«≈“ºà“π‰ª«‘«—≤π“°“√
∑“ß¥â“π‡∑§‚π‚≈¬’„π°“√·¬° “√ª√–‡¿∑¥—ß°≈à“«

°Á¡’°“√æ—≤π“¢÷Èπ ´÷Ë ß„πªí®®ÿ∫—π°“√·¬° “√
∑’Ë¡’§ÿ≥ ¡∫—µ‘§≈â“¬§≈÷ß°—π„π‡™‘ßÕ‘·ππ∑‘‚Õ‡¡Õ√åπ’È
 “¡“√∂°√–∑”‰¥âßà“¬¢÷Èπ‰¡à«à“®–‡ªìπ°√√¡«‘∏’·¬°
‚¥¬„™â‡§√◊ËÕß¡◊Õ∑’Ë∑—π ¡—¬Õ“∑‘‡™àπ High performance
liquid chromatography (HPLC) À√◊Õ Gas
chromatography (GC) ÷́Ëß®– “¡“√∂·¬° “√
§Ÿà‰Õ‚´‡¡Õ√åÕÕ°®“°°—π‰¥â [4] À√◊Õ°“√·¬°¥â«¬
‡¬◊ËÕ‡¡¡‡∫√π™π‘¥„À¡à∑’Ë‰¥â√—∫°“√æ—≤π“„Àâ “√
§ŸàÕ‘·ππ∑‘‚Õ‡¡Õ√å‡æ’¬ß™π‘¥‡¥’¬«∑’Ëºà“π‡¬◊ËÕ‰¥â [5]
√«¡‰ª∂÷ß°“√·¬°¥â«¬°√√¡«‘∏’°“√ °—¥¥â«¬
¢Õß‡À≈«‡Àπ◊Õ®ÿ¥«‘°ƒµ (Supercritical fluid
extraction) [6]  ‡ªìπµâπ „π®”π«ππ’È∂â“µâÕß°“√
·¬° “√º ¡„πª√‘¡“≥∑’ËπâÕ¬°√√¡«‘∏’„π°“√·¬°¥â«¬
HPLC ∑’Ë¡’§Õ≈—¡πå™π‘¥æ‘‡»… ÷́Ëß‰¥â√—∫°“√æ—≤π“
„Àâ “¡“√∂·¬° “√Õ‘·ππ∑‘‚Õ‡¡Õ√åÀ√◊Õ·¡â°√–∑—Ëß
 “√‰¥·Õ ‡µÕ√‘‚Õ‰Õ‚´‡¡Õ√å (Diastereoisomer)
‰¥âÕ¬à“ß®”‡æ“–‡®“–®ß °Á®–‡ªìπ«‘∏’∑’Ë‡À¡“– ¡

¬“ªØ‘™’«π–≈’‡π‚´≈‘¥ (Linezolid) À√◊Õ∑’Ë
¡’™◊ËÕ‡√’¬°∑“ß°“√§â“«à“ Zyvox˙ [7] (¿“æ∑’Ë 1)
¬“ªØ‘™’«π–µ—«π’È¡’§ÿ≥ ¡∫—µ‘∑’Ë¥’‡≈‘»„π°“√µàÕµâ“π
‡™◊È Õ·∫§∑’ ‡ √’ ¬·°√¡∫«° ÷́Ë ß¡—°®–¡’·π«‚πâ¡
°“√¥◊ÈÕ¬“µàÕ¬“ªØ‘™’«π–∑—Ë«‰ª [8] ·µàÕ¬à“ß‰√°Áµ“¡
¬—ß‰¡à¡’°“√º≈‘µÀ√◊Õ —ß‡§√“–Àå„π√–¥—∫Õÿµ “À°√√¡
¬“¿“¬„πª√–‡∑» ‡æ√“–©–π—Èπ·µà≈–ªïª√–‡∑»‰∑¬
®÷ß¡’§«“¡®”‡ªìπ∑’Ë®–µâÕßπ”‡¢â“¬“™π‘¥π’È®“°
µà “ßª√– ‡∑»„πª√‘¡“≥∑’Ë ¡“°§‘¥ ‡ªìπ ‡ß‘π∂÷ ß
10 ≈â“π∫“∑µàÕªï [9] ®“°¡Ÿ≈‡Àµÿ®Ÿß„®¥—ß°≈à“«
®÷ß∑”„Àâ ‡√“¡’·π«§‘¥∑’Ë ®–æ—≤π“°√√¡«‘∏’°“√
 — ß ‡ § √ “ – Àå ¬ “ ª Ø‘ ™’ « π – ≈’ ‡ π ‚ ´≈‘ ¥ ¥— ß ° ≈à “ «
‡æ◊ËÕÕ“®®– “¡“√∂‡ªìπæ≈—ßÕ’°·√ß∂÷ß·¡â®–‰¡à¡“°
∑’Ë®–™à«¬‡æ‘Ë¡»—°¬¿“æ„π∑“ßÕÿµ “À°√√¡°“√
 —ß‡§√“–Àåº≈‘µ¿—≥±å¬“¢Õßª√–‡∑»‰∑¬‡æ◊ËÕ§«“¡
‡®√‘≠·∫∫¬—Ëß¬◊π

 ¿“æ∑’Ë 1 ‚§√ß √â“ß∑“ß‡§¡’¢Õß¬“ªØ‘™’«π–≈’‡π‚´≈‘¥
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«—µ∂ÿª√– ß§å¢Õß°“√«‘®—¬
«—µ∂ÿª√– ß§å¢Õß°“√«‘®—¬π’È§◊Õ°“√æ—≤π“°√

√¡«‘∏’„À¡à„π°“√ —ß‡§√“–Àå¬“ªØ‘™’«π–≈’‡π‚´≈‘¥
(Linezolid) À√◊Õ∑’Ë¡’™◊ËÕ‡√’¬°∑“ß°“√§â“«à“ Zyvox˙
‚¥¬·¬° “ √ ‰§ √— ≈ ®”æ«° ‰§ √— ≈ Õ’ ª Õ° ‰´¥å
·≈–‰§√—≈ÕÕ°´“‚´≈‘¥‘‚ππ ÷́Ëß¡’§«“¡ ”§—≠„π∑“ß
°“√ —ß‡§√“–Àå¬“ªØ‘™’«π–≈’‡π‚´≈‘¥ (Linezolid)
¥—ß°≈à“«

«‘∏’¥”‡π‘π°“√«‘®—¬
1. °“√ —ß‡§√“–Àå (Synthesis)
°“√ —ß‡§√“–ÀåÀ≈—°¡’Õ¬Ÿà Õß¢—ÈπµÕπ§◊Õ

¢—ÈπµÕπ·√°ªØ‘°‘√‘¬“·Õ≈§‘‡≈™—π¢Õß‰°≈ ‘́¥‘≈∑Õ ‘́‡≈µ

(Glycidyl tosylate) °—∫·Õ√‘≈§“√å∫“‡¡µ (Aryl
carbamate) 1 ∑’Ë‰¥â®“°°“√π”‡Õ“Õπÿæ—π∏å·Õπ‘≈’π
π—ÈπÊ ¡“∑”ªØ‘°‘√‘¬“°—∫ Boc2O ·≈–¢—ÈπµÕπ∑’Ë Õß
§◊ÕªØ‘°‘√‘¬“°“√ —ß‡§√“–Àå«ßÕÕ°´“‚´≈‘¥‘‚ππ
(Oxazolidinone) ¥â«¬°√¥‰µ√ø≈ŸÕÕ‚√Õ–´‘µ‘§ (TFA)
[10] ( ¡°“√∑’Ë 1) ´÷Ëß™à«ßª∞¡¿Ÿ¡‘®–‡ªìπ°“√
∑¥≈Õ ß À “  ¿ “ « –∑’Ë ‡ À ¡ “ –  ¡∑’Ë  ÿ ¥  ” À √— ∫
°“√ —ß‡§√“–Àå “√ª√–°Õ∫ 3A ·≈–®“°π—Èπ®–π”‡Õ“
 ¿“«–∑’Ë ‡À¡“– ¡π—Èπ‰ªª√–¬ÿ°µå ‡¢â“°—∫°√≥’
¢Õß “√ª√–°Õ∫ 3B ∑’Ë “¡“√∂„™â‡ªìπ “√¡—∏¬—πµ√å
„π°“√ —ß‡§√“–Àå¬“≈’‡π‚´≈‘¥‰¥â ´÷Ëß„π√“¬≈–‡Õ’¬¥
‡√“ “¡“√∂ —ß‡§√“–Àå¬“≈’‡π‚´≈‘¥®“° “√‰§√—≈
µ—Èßµâπ¥â«¬°√√¡«‘∏’∑’Ë¡’√“¬ß“π¡“°àÕπÀπâ“π’È·≈â« [11]

 ¡°“√∑’Ë 1 °“√ —ß‡§√“–Àå¢Õß “√ª√–°Õ∫ Oxazolidinones 3A, 3B ·≈– Linezolid

2. °“√»÷°…“§«“¡®”‡æ“–¢ÕßÕ’·ππ∑‘
‚Õ‡¡Õ√å (Study of Enantioselectivity)

„π°√–∫«π°“√ —ß‡§√“–Àå¬“ªØ‘™’«π–
≈’‡π‚´≈‘¥∑’Ë‡√“‰¥âæ—≤π“π—Èπ ‡√“‰¥â “√ª√–°Õ∫¡—∏¬—πµ√å
∑’Ë¡’‡ªÕ√å‡´ÁπµåÕ’·ππ∑‘‚Õ‡¡Õ√‘°·ÕÁ§‡´  (Percentage
enantiomeric excess, %ee) ∑’ËµË” ‡√“‰¥âæ¬“¬“¡
ª√—∫ª√ÿß‡∑§π‘§·≈– ¿“«–µà“ßÊ ¢ÕßªØ‘°‘√‘¬“·≈â«
·µàº≈°Á¬—ß‰¡à “¡“√∂„Àâ %ee ∑’Ë Ÿß‡ªìπ∑’Ëπà“æÕ„®‰¥â
·µà ‘Ëß∑’Ë‡√“‰¥â§◊Õ°“√æ—≤π“°“√·¬° “√ª√–°Õ∫
®”æ«°‰§√—≈Õ’ªÕ°‰´¥å·≈–‰§√—≈ÕÕ°´“‚´≈‘¥‘‚ππ
¥â«¬‰§√—≈§Õ≈—¡πå  ‚¥¬‡√“‰¥â∑”°“√»÷°…“

Õ’·ππ™‘‚Õ‡´‡≈Á§∑‘«‘µ’È·≈–ª√– ‘∑∏‘¿“æ„π°“√·¬°
 “√¢Õß “√¡—∏¬—πµ√å·∫∫‰§√—≈¢Õß¬“≈’‡π‚´≈‘¥
2 ·∫∫¥â«¬°—π §◊Õ HPLC ·≈–·°ä ‚§√¡“‚µ°√“øï
(GC) ´÷Ëß∑—Èß Õß«‘∏’µâÕß„™â‰§√—≈§Õ≈—¡πå™π‘¥æ‘‡»…
„π°“√·¬°¡’√“¬≈–‡Õ’¬¥¥—ßµàÕ‰ªπ’È

A) ‚§√¡“‚µ°√“øï¢Õß‡À≈« ¡√√∂π– Ÿß
(High Performance Liquid Chromatography, HPLC)

°“√À“‡ªÕ√å‡´ÁπµåÕ’·ππ∑‘‚Õ‡¡Õ√‘°·ÕÁ§‡´ 
 “¡“√∂§”π«≥‰¥â®“°æ◊Èπ∑’Ë„µâæ’§¢Õß ‡ª°µ√—¡
¢Õß HPLC «—¥∑’Ë  260 nm §Õ≈—¡πå HPLC
(250 x 4.6 mm ID) ∑’Ë„™â§◊Õ§Õ≈—¡πå OJ-H
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·≈–§Õ≈—¡πå OD ¢Õß∫√‘…—∑‰§√—≈‡´≈ ‚¥¬§Õ≈—¡πå
OJ-H [12] ∫√√®ÿÕπÿ¿“§´‘≈‘°“‡®≈¢π“¥ 5 µm
´÷Ëß‚§∑¥â«¬‡´≈≈Ÿ‚≈ µ√‘ (4-‡¡∑‘≈‡∫π‚´‡Õµ)
{cellulose tris(4-methylbenzoate)}  à«π§Õ≈—¡πå
OD [13] π—Èπ∫√√®ÿÕπÿ¿“§ ‘́≈‘°“‡®≈¢π“¥ 10 µm
´÷Ëß‚§∑¥â«¬‡´≈≈Ÿ‚≈ µ√‘ (3,5-‰¥‡¡∑‘≈øïπ‘≈§“√å∫“‡¡µ)
{cellulose tris(3,5-dimethylphenylcarbamate)}
µ—«™– (eluent)  ”À√—∫§Õ≈—¡πå∑—Èß 2 √–∫∫‡ªìπµ—«
∑”≈–≈“¬º ¡√–À«à“ß hexane (µ—«∑”≈–≈“¬ A)
·≈– isopropanol (µ—«∑”≈–≈“¬ B) ‚¥¬√–∫∫·∫∫
isocratic ¢Õß§Õ≈—¡πå OJ-H ®–„™âµ—«∑”≈–≈“¬º ¡
∑’Ë¡’Õ—µ√“ à«π A : B ‡∑à“°—∫ 70 : 30 ≥ Õ—µ√“‡√Á«
°“√‰À≈ 0.8 mL/min ‡ªìπ‡«≈“ 40 π“∑’
·≈–√–∫∫§Õ≈—¡πå OD ®–„™âµ—«∑”≈–≈“¬º ¡∑’Ë¡’
Õ—µ√“ à«π A : B ‡∑à“°—∫ 99 : 1 ≥ Õ—µ√“‡√Á«°“√‰À≈
1.0 mL/min ‡ªìπ‡«≈“ 30 π“∑’

B) ·°ä ‚§√¡“‚µ°√“øï (Gas Chromatography,
GC)

„π à«π°“√·¬°∑’Ë„™â°√√¡«‘∏’·°ä ‚§√¡“‚µ°√“øï
(GC) π—Èπ ‡√“„™â‡§√◊ËÕß∑’Ëµ‘¥µ—Èßµ—««—¥·∫∫ FID
(·°ä ‡¡Á°Õ—æ (Makeup gas) ∑’Ë„™â‡ªìπ·°ä º ¡
∑’Ëª√—∫Õ—µ√“‰À≈µà“ß°—π§◊Õ N2: 30 mL/min, H2:
30 mL/min, Õ“°“»: 300 mL/min)  “√µ—«Õ¬à“ß
1 °√—¡ ®–π”¡“≈–≈“¬„πÕ– ‘́‚µπª√‘¡“≥πâÕ¬Ê
®“°π—Èππ”‰ª«‘ ‡§√“–Àå·¬°‚¥¬¡’ ‡ø §ß∑’Ë§◊Õ
OV-1701 ∑’Ë¡’ 30%BSiMe (¢π“¥ 15.356 m x
0.25 mm x 0.25 µm) „™â·°ä µ—«π”æ“‡ªìπ
·°ä ‰Œ‚¥√‡®π (50 cm/s) Õÿ≥À¿Ÿ¡‘„π°“√„ à “√
µ—«Õ¬à“ßÕ¬Ÿà∑’Ë 250oC √–∫∫‰Õ‚´‡∑Õ√å¡—≈π’È®–„™â
‡«≈“„π°“√·¬°¢÷ÈπÕ¬Ÿà°—∫™π‘¥¢Õß “√µ—«Õ¬à“ß
‚¥¬∑—Ë«‰ªÕ¬Ÿà√–À«à“ß 30 ∂÷ß 60 π“∑’ ·≈–‡™àπ°—π
°—∫°√≥’ HPLC %ee §”π«≥‰¥â®“°æ◊Èπ∑’Ë„µâæ’§
¢Õß ‡ª°µ√—¡

C) ªí®®—¬°“√·¬° [Separation Factor
(""""")]

§à“ªí®®—¬°“√·¬° [Separation Factor (")]
‡ªìπ§à“¥—™π’∑’Ë∫Õ°∂÷ß√–¬–Àà“ß√–À«à“ßæ’§„¥Ê  Õßæ’§
°“√§”π«≥À“§à“ªí®®—¬°“√·¬° (")  “¡“√∂
°√–∑”‰¥â¥—ß ¡°“√∑’Ë (1)

" = TB / TA           ¡°“√∑’Ë (1)
‚¥¬„Àâ " ‡ªìπ§à“ªí®®—¬°“√·¬°

TA ‡ªìπ‡«≈“√’‡∑π™—π¢Õß “√ A
TB ‡ªìπ‡«≈“√’‡∑π™—π¢Õß “√ B

D) §à“°“√·¬° [Resolution (Rs)]
§à“°“√·¬° [Resolution (Rs)] ‡ªìπ§à“¥—™π’∑’Ë

∫Õ°∂÷ß§«“¡ “¡“√∂„π°“√·¬°√–À«à“ß “√„¥Ê
¬‘Ëß§à“ Rs ¡“°¢÷Èπ‡∑à“„¥°Á®–À¡“¬∂÷ß°“√·¬°∑’Ë
 ¡∫Ÿ√≥å¡“°¬‘Ëß¢÷Èπ‡∑à“π—Èπ °“√§”π«≥À“§à“°“√·¬°
(Rs)  “¡“√∂°√–∑”‰¥â¥—ß ¡°“√∑’Ë (2)

Rs  = 2[TB › TA] / [WA + WB]    ¡°“√∑’Ë (2)
‚¥¬„Àâ Rs  ‡ªìπ§à“°“√·¬°

TA ‡ªìπ‡«≈“√’‡∑π™—π¢Õß “√ A
TB ‡ªìπ‡«≈“√’‡∑π™—π¢Õß “√ B
WA ‡ªìπ§à“§«“¡°«â“ß¢Õß∞“πæ’§ A

Àπà«¬§‘¥‡ªìπ‡«≈“
WB ‡ªìπ§à“§«“¡°«â“ß¢Õß∞“πæ’§ B

Àπà«¬§‘¥‡ªìπ‡«≈“

º≈°“√«‘®—¬
°“√«‘®“√≥å·≈– √ÿªº≈°“√∑¥≈Õßª√–°Õ∫¥â«¬

2  à«π ”§—≠ §◊Õ „π à«π·√°‡ªìπ à«π¢Õß
°“√ —ß‡§√“–Àå∑’Ë‰¥â«“ß·ºπ°“√∑¥≈Õß‡ªìπ 2 ™à«ß¥â«¬°—π
§◊Õ ™à«ßª∞¡¿Ÿ¡‘‡ªìπ°“√»÷°…“ªØ‘°‘√‘¬“‡æ◊ËÕ¥Ÿ
§«“¡‡ªìπ‰ª‰¥â æ√âÕ¡∑—ÈßÀ“ ¿“«–∑’Ë¥’∑’Ë ÿ¥¢ÕßªØ‘°‘√‘¬“
·≈–™à«ß°“√∑¥≈ÕßÀ≈—° ÷́Ëß®–π”‡Õ“ ¿“«–∑’Ë‰¥â
®“°™à«ßª∞¡¿Ÿ¡‘¡“„™â„π°“√ —ß‡§√“–Àå¬“ªØ‘™’«π–
≈’‡π‚´≈‘¥®√‘ß ·≈–„π à«π∑’Ë Õß§◊Õ°“√«—¥§à“
°“√‡≈◊Õ°‡°‘¥Õ‘·ππ∑‘‚Õ‡¡Õ√å®”‡æ“–¢ÕßªØ‘°‘√‘¬“
∑’Ë‡√“∑”°“√∑¥≈Õß ´÷Ëß‡√“„™â‡§√◊ËÕß GC „π°“√
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µ√«®«—¥ªØ‘°‘√‘¬“„π™à«ßª∞¡¿Ÿ¡‘ ·≈–„™â‡§√◊ËÕß HPLC
„π°“√µ√«®«—¥ªØ‘°‘√‘¬“„π™à«ß°“√∑¥≈ÕßÀ≈—°
·µà ≥ ∑’Ëπ’È®–∑”°“√«‘®“√≥å·≈– √ÿªº≈°“√∑¥≈Õß
∑—Èß„π à«π°“√ —ß‡§√“–Àå ·≈–°“√«—¥§à“°“√‡≈◊Õ°
‡°‘¥Õ‘·ππ∑‘‚Õ‡¡Õ√å®”‡æ“–¢ÕßªØ‘°‘√‘¬“‰ªæ√âÕ¡Ê °—π

1. °“√ —ß‡§√“–Àå (Synthesis)
°“√ —ß‡§√“–Àå™à«ßª∞¡¿Ÿ¡‘„™âÕ–π‘≈’π∑’Ë¡’

√“§“∂Ÿ°‡ªìπ “√µ—Èßµâπ ‡æ◊ËÕ∑¥≈ÕßÀ“ ¿“«–

∑’Ë‡À¡“– ¡∑’Ë ÿ¥ ”À√—∫°“√ —ß‡§√“–Àå “√ª√–°Õ∫
·∫∫ÕÕ°´“‚´≈‘¥‘‚ππ 3A ·≈–®“°π—Èπ®–π”‡Õ“
 ¿“«–∑’Ë ‡À¡“– ¡π—Èπ‰ªª√–¬ÿ°µå ‡¢â“°—∫°√≥’
¢Õß “√ª√–°Õ∫ 3B ´÷Ëß “¡“√∂„™â‡ªìπ “√
¡—∏¬—πµ√å„π°“√ —ß‡§√“–Àå¬“≈’‡π‚´≈‘¥µ“¡¢—ÈπµÕπ
°“√ —ß‡§√“–Àå∑’Ë‡§¬¡’√“¬ß“π‰«â·≈â« [11]

 ¡°“√∑’Ë 2 °“√ —ß‡§√“–Àå¢—Èπª∞¡¿Ÿ¡‘¢Õß 2-ÕÕ°´“‚´≈‘¥‘‚ππ 3A-(S) ®“° tert-∫‘«∑‘≈øïπ‘≈§“√å∫“‡¡µ 1A

º≈°“√ —ß‡§√“–Àå™à«ß·√°π—Èπ„Àâ‡ªÕ√å‡´Áπµå
º≈‘µ¿—≥±å∑’Ë Ÿß‡ªìπ∑’Ëπà“æÕ„® §◊Õ 85% „πªØ‘°‘√‘¬“
·Õ≈§‘‡≈™—π·≈– 90% „πªØ‘°‘√‘¬“°“√ªî¥«ß
( ¡°“√∑’Ë 2) ‚¥¬„π√“¬≈–‡Õ’¬¥°“√∑¥≈Õß®–‡√‘Ë¡
 —ß‡§√“–Àå #-(N-·Õ√‘≈§“√å∫“¡‘≈) Õ‘ªÕ°‰´¥å 2A
·≈– 2-ÕÕ°´“‚´≈‘¥‘‚ππ 3A ‡æ◊ËÕ°“√ —ß‡§√“–Àå
¢Õß≈‘‡π‚´≈‘¥√’‡Õ‡®πµå∑’Ë„™â§◊Õ (S)-‰°≈´‘¥‘≈∑Õ´‘‡≈µ
∑’ËµâÕß‡µ√’¬¡°àÕπ‡Õß®“°°“√π”‡Õ“ (R)-‰°≈´‘¥Õ≈
¡“∑”ªØ‘°‘√‘¬“∑Õ´‘‡≈™—π ´÷Ëß°“√ —ß‡§√“–Àå

 “√ª√–°Õ∫ 2A-(R) ‡√‘Ë¡®“°ªØ‘°‘√‘¬“√–À«à“ß
øïπ‘≈§“√å∫“‡¡µ 1A ·≈– (S)-‰°≈´‘¥‘≈∑Õ´‘‡≈µ
‚¥¬¡’‚ª·µ ‡´’¬¡‰Õ‚Õ‰¥¥å (KI) ·≈–≈‘‡∑’¬¡∫‘ 
(‰µ√‡¡∑‘≈‰´≈‘≈) ‡Õ‰¡¥å (Lithium bis(trimethylsilyl)
amide, LiHMDS) ‡ªìπ‡∫ „πµ—«∑”≈–≈“¬ DMF
‡ªìπ‡«≈“ 18 ™—Ë«‚¡ß∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ®“°π—Èππ”‡Õ“
 “√ª√–°Õ∫ 2A-(R) ¡“∑”°“√√’ø≈—°´å°—∫°√¥
TFA „πµ—«∑”≈–≈“¬ CH2Cl2 ‡ªìπ‡«≈“ 2 ™—Ë«‚¡ß
º≈‘µ¿—≥±å∑’Ë‰¥â§◊Õ 2-ÕÕ°´“‚´≈‘¥‘‚ππ 3A-(S)

 ¡°“√∑’Ë 3 °“√ —ß‡§√“–Àå “√¡—∏¬—πµ√å¢Õß¬“≈‘‡π‚´≈‘¥, 2-ÕÕ°´“‚´≈‘¥‘‚ππ 3B-(R)
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®“°º≈°“√∑¥≈Õß∑’Ëπà“æÕ„®„π¢—Èπª∞¡¿Ÿ¡‘
‡√“®÷ß‰¥âπ”‡Õ“ ¿“«–∑’Ë‡À¡“– ¡¥—ß°≈à“«¡“„™â
„π°“√ —ß‡§√“–Àå “√¡—∏¬—πµ√å¢Õß¬“≈’‡π‚´≈‘¥
‡√‘Ë¡¥â«¬°“√ —ß‡§√“–Àå¢Õß “√µ—Èßµâπ‰§√—≈‚¥¬°“√
 —ß‡§√“–Àå‡ªìπ‰ªµ“¡  ¡°“√∑’Ë 3 „π°√≥’π’È
‡√“„™â “√ (R)-‰°≈´‘¥‘≈∑Õ´‘‡≈µ ´÷Ëß “¡“√∂´◊ÈÕ‰¥â
®“°∫√‘…—∑ “√‡§¡’ ´÷Ëß°“√ —ß‡§√“–Àå “√ª√–°Õ∫
2B-(S) ·≈–‡æ◊ËÕ»÷°…“Õ‘∑∏‘æ≈¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë¡’
µàÕ %ee ªØ‘°‘√‘¬“√–À«à“ß·Õ√‘≈§“√å∫“‡¡µ 1
·≈– (R)-‰°≈´‘¥‘≈∑Õ´‘‡≈µ‰¥â°√–∑” ≥ Õÿ≥À¿Ÿ¡‘
∑’Ë·µ°µà“ß°—π ®“°º≈°“√∑¥≈Õß‡∫◊ÈÕßµâπæ∫«à“
ªØ‘°‘√‘¬“∑’ËÕÿ≥À¿Ÿ¡‘ -60oC  “¡“√∂„Àâ %ee
∑’Ë Ÿß∑’Ë ÿ¥§◊Õ 74% ·µà„π∑“ß°≈—∫°—π„Àâº≈‘µ¿—≥±å
„π‡ªÕ√å‡´Áπµåº≈‘µ¿—≥±å∑’ËµË”∑’Ë ÿ¥ (40%) ‡π◊ËÕß®“°
¢“¥æ≈—ßß“π„π°“√‡√àßªØ‘°‘√‘¬“ (µ“√“ß∑’Ë 1, entry
1) ·≈–∂÷ß·¡â°“√∑”ªØ‘°‘√‘¬“∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß®–„Àâ
‡ªÕ√å‡´Áπµåº≈‘µ¿—≥±å∑’Ë Ÿß°«à“°Áµ“¡ (57-79%,

entry 2-4) ·µàπà“‡ ’¬¥“¬∑’ËªØ‘°‘√‘¬“∑’ËÕÿ≥À¿Ÿ¡‘ Ÿßπ’È
°≈—∫„Àâ %ee ∑’ËµË”°«à“ªØ‘°‘√‘¬“∑’ËÕÿ≥À¿Ÿ¡‘ -60oC
∂÷ß‡°◊Õ∫ 15% ÷́Ëß°Áπà“®– “¡“√∂Õ∏‘∫“¬ª√“°Ø°“√≥å
¥—ß°≈à“«‰¥â«à“Õÿ≥À¿Ÿ¡‘∑’Ë Ÿß¢÷Èπ®–∑”„Àâ‚¡‡≈°ÿ≈
¢Õß “√µ—È ßµâ π∑—È ß  Õß¡’ ‚ Õ°“ «‘Ë ß¡“ ‡®Õ°—π
·≈–∑”ªØ‘°‘√‘¬“°—π‰¥â¡“°¢÷Èπµ“¡∑ƒ…Æ’∑“ß
‡∑Õ√å‚¡‰¥π“¡‘§ ·µà„π‡«≈“‡¥’¬«°—π°“√‡§≈◊ËÕπ∑’Ë°Á∑”„Àâ
‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß ‡µÕ√‘‚Õ‡´Áπ‡µÕ√å àßº≈„Àâ
%ee µË”≈ß¡“Õ¬Ÿà∑’Ëª√–¡“≥ 60%ee ∑—ÈßÀ¡¥ ÷́Ëß®–
«‘®“√≥åº≈π’È„πÀ—«¢âÕ 4.2 µàÕ‰ª  ”À√—∫¢—ÈπµÕπ
 ÿ¥∑â“¬§◊Õ°“√π”‡Õ“ “√ª√–°Õ∫∑’Ë‰¥â®“°ªØ‘°‘√‘¬“
·Õ≈§‘‡≈™—π∑’Ë‰¡à„™à‰§√—≈∫√‘ ÿ∑∏‘Ï¡“∑”ªØ‘°‘√‘¬“°—∫
TFA „π ¿“«–°“√√’ø≈—°´åÀ√◊Õ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß®–„Àâ
º≈‘µ¿—≥±å 2-ÕÕ°´“‚´≈‘¥‘‚ππ3B-(R) „π‡ªÕ√å‡´Áπµå
º≈‘µ¿—≥±å∑’Ë§àÕπ¢â“ß Ÿß (71-81%) ´÷Ëß‰¡à¢÷Èπ°—∫
Õÿ≥À¿Ÿ¡‘ªØ‘°‘√‘¬“æ√âÕ¡°—∫ %ee ∑’Ë≈¥≈ßÕ’°®“°
%ee ¢Õß “√µ—Èßµâπ (52-58%) (entry 1-4)

µ“√“ß∑’Ë 1 ‡ªÕ√å‡´Áπµåº≈‘µ¿—≥±å ·≈– %ee ¢Õßº≈‘µ¿—≥±å·Õ≈§‘‡≈™—π (2B-(S)) ·≈–º≈‘µ¿—≥±åªî¥«ß
(3B-(R))

entry Ar alkylationa %yield %ee cyclisation %yield %ee
1 A -60oC to RT 40 (2B-(S)) 74.2b TFA, reflux 72 (3B-(R)) 58.3b

2 0oC to RT 57 (2B-(S)) 59.7b TFA, reflux 71 (3B-(R)) 53.4b

3 0oC to RT 57 (2B-(S)) 59.7b TFA, RT 81 (3B-(R)) 53.0b

4 RT 79 (2B-(S)) 59.9b TFA, reflux 81 (3B-(R)) 52.4b

a Enatiomeric pure starting materials was used in alkylation step, b calculated from Chiral HPLC.

2. °“√»÷°…“§«“¡®”‡æ“–¢ÕßÕ’·ππ
∑‘‚Õ‡¡Õ√å (Study of Enantioselectivity)

®“°º≈°“√∑¥≈Õß∑’Ë‰¥â ªØ‘°‘√‘¬“∑’Ë°√–∑”
∑’ËÕÿ≥À¿Ÿ¡‘µË” ÿ¥§◊Õ -60oC ®–„Àâ§à“ %ee  Ÿß ÿ¥§◊Õ
74.2 (µ“√“ß∑’Ë 1, entry 1) ·≈–‡¡◊ËÕÕÿ≥À¿Ÿ¡‘¢Õß
ªØ‘°‘√‘¬“‡æ‘Ë¡¢÷Èπ‡ªÕ√å‡´Áπµåº≈‘µ¿—≥±å®– Ÿß¢÷Èπµ“¡
°Æ‡∑Õ√å‚¡‰¥π“¡‘§ ·µà„π∑“ß°≈—∫°—π %ee
¢Õßº≈‘µ¿—≥±å®–≈¥≈ßÕ¬à“ß‡ÀÁπ‰¥â™—¥ (entry 2-4)

Õ¬à“ß‰√°Áµ“¡‡ªìπ∑’Ëπà“·ª≈°«à“∂÷ß·¡âªØ‘°‘√‘¬“
¢Õß°“√ —ß‡§√“–Àå “√¡—∏¬—πµ√å¢Õß≈‘‡π‚´≈‘¥π—Èπ®–
‡√‘Ë¡®“° “√µ—Èßµâπ∑’Ë‡ªìπ‰§√—≈·µàº≈ª√“°Ø«à“¡’°“√
 Ÿ≠‡ ’¬§«“¡‡ªìπ‰§√—≈‡°‘¥¢÷Èπ ´÷Ëß„π¢—ÈπµÕπª∞¡¿Ÿ¡‘
¢ÕßªØ‘°‘√‘¬“·Õ≈§‘‡≈™—π∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕßπ—Èπ %ee
¢Õßº≈‘µ¿—≥±å∑’Ë‰¥â„π°√≥’∑’ËÀ¡Ÿà·∑π∑’Ë·Õ√‘≈‡ªìπÀ¡Ÿà
øïπ‘≈π—Èπ§◊Õ 74%ee ÷́Ëß¡’§à“„°≈â‡§’¬ß°—∫°√≥’
¢Õß entry 1 ∑’Ë∑”∑’ËÕÿ≥À¿Ÿ¡‘ -60oC Õ¬à“ß‰√°Áµ“¡
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®–‡ÀÁπ‰¥â«à“¡’°“√≈¥¢Õß %ee ‡°‘¥¢÷Èπ‡¡◊ËÕ∑”∑’Ë
Õÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ ∑—Èßπ’Èπà“®–‡ªìπ‡æ√“–∑—Èßø≈ŸÕÕ√’π
Õ–µÕ¡·≈–À¡Ÿà¡Õ√åøÕ≈‘π‘≈´÷Ëß∑”„ÀâÀ¡Ÿà·Õ√‘≈∑’Ëµ‘¥
°—∫‰π‚µ√‡®πÕ–µÕ¡¡’¢π“¥„À≠à°«à“À¡Ÿàøïπ‘≈∏√√¡¥“
·≈–∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß§«“¡‡°–°–¥—ß°≈à“«Õ“®√∫°«π
°≈‰°°“√‡°‘¥ªØ‘°‘√‘¬“ S N2 ∑”„Àâ¡’°≈‰°ªØ‘°‘√‘¬“
S N2û ‡°‘¥¢÷Èπ¥â«¬µ“¡∑’Ë· ¥ß„π  ¡°“√∑’Ë 4

÷́Ëßπ—Ëπ°ÁÀ¡“¬∂÷ß°“√∑’Ë‰π‚µ√‡®π·Õπ‰ÕÕÕπ∑’Ë‡°‘¥

„π√–∫∫®– “¡“√∂‡¢â“™π‰¥â∑—Èß∑Õ ‘́‡≈µ§“√å∫Õπ
(SN2) „Àâº≈‘µ¿—≥±å 2B-(S) ·≈–πÕπ‰§√—≈Õ‘ªÕ°
‰´¥å§“√å∫Õπ (SN2û) ‰¥âº≈‘µ¿—≥±å¢â“ß‡§’¬ß∑’Ë¡’
 ‡µÕ√‘‚Õ‡§¡’∑’Ëµ√ß°—π¢â“¡§◊Õ 2B-(R) ·≈–·πàπÕπ
«à“‡¡◊ËÕÕÿ≥À¿Ÿ¡‘ Ÿß°“√§«∫§ÿ¡∑“ß ‡µÕ√‘‚Õ°Á‡ªìπ‰ª
‰¥â¬“°¡“°¢÷Èπ‡ªìπ‡Àµÿ„Àâ %ee ¢Õßº≈‘µ¿—≥±å
≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠

 ¡°“√∑’Ë 4  °≈‰°∑’Ë¡’§«“¡‡ªìπ‰ª‰¥â„π°“√‡°‘¥ªØ‘°‘√‘¬“·Õ≈§‘‡≈™—π

‚¥¬∑—Ë«‰ª·≈â«°“√π”‡Õ“Õ‘ªÕ°‰´¥å¡“
∑”ªØ‘°‘√‘¬“°—∫°√¥®–‡°‘¥°“√‡ªî¥«ß´÷Ëß “¡“√∂
‡°‘¥ºà“π°≈‰°‰¥â∑—Èß·∫∫ SN2 ·≈– ·∫∫ SN1 ´÷Ëß¢÷Èπ
Õ¬Ÿà°—∫ ¿“«–ªØ‘°‘√‘¬“ ( ¡°“√∑’Ë 5) ‚¥¬∑—Ë«‰ª
°“√‚ª√‚µ‡π™—π¢Õß “√ª√–°Õ∫®”æ«°Õ‘ªÕ°‰´¥å
 “¡“√∂‡æ‘Ë¡§«“¡«àÕß‰«¢ÕßªØ‘°‘√‘¬“°“√‡ªî¥
«ßÕ‘ªÕ°‰´¥å‰¥â ·≈–‚¥¬‡©æ“–Õ¬à“ß¬‘ËßªØ‘°‘√‘¬“
‡ªî¥«ß‡ªìπ·∫∫∑’Ë‡°‘¥¿“¬„π‚¡‡≈°ÿ≈‡¥’¬«°—ππ—Èπ¡ÿ¡
°“√ ‡¢â “∑”ªØ‘°‘ √‘ ¬ “¡’º≈°√–∑∫‚¥¬µ√ßµà Õ
º≈‘µ¿—≥±å∑’Ë®–‰¥â ´÷Ëß„π°√≥’π’È¡ÿ¡°“√‡¢â“∑”
ªØ‘°‘ √‘¬“∑’ËæÕ¥’ ‰¡à¡’§«“¡®”‡ªìπ∑’Ë ®–µâÕß∫‘¥
À√◊Õ¬◊¥§◊Õ°“√‡¢â“∑”∑’Ë§“√å∫Õπ∑’Ë„Àâº≈‘µ¿—≥±å‡ªìπ
«ßÀâ“‡À≈’Ë¬¡  àßº≈∑“ß¥â“π°“√‡≈◊Õ°‡°‘¥®”‡æ“–
·∫∫‡√®‘‚Õ (Regioselectivity) ·µà„π§«“¡‡≈◊Õ°
‡°‘¥®”‡æ“–¥—ß°≈à“«°Á‡ªìπ “‡Àµÿ¢Õß°“√ Ÿ≠‡ ’¬
§ÿ≥ ¡∫—µ‘¥â“π°“√‡≈◊Õ°‡°‘¥®”‡æ“–·∫∫ ‡µÕ√‘‚Õ
(Stereoselectivity) „π‡«≈“‡¥’¬«°—π ÷́Ëßª√–‡¥Áπ

°“√ Ÿ≠‡ ’¬§ÿ≥ ¡∫—µ‘¥â“π°“√‡≈◊Õ°‡°‘¥®”‡æ“–
·∫∫ ‡µÕ√‘‚Õπ’È “¡“√∂Õ∏‘∫“¬‰¥â¥—ßπ’È ªØ‘°‘√‘¬“°“√
·∑π∑’Ëπ’È®—¥Õ¬Ÿà„πª√–‡¿∑ SN2 ‚¥¬∑—Ë«‰ª®–‡°‘¥°“√
‡ª≈’Ë¬π·ª≈ß¢Õß ‡µÕ√‘‚Õ‡§¡’¢Õß§“√å∫Õπ∑’Ë‡°‘¥
ªØ‘°‘√‘¬“ Õ¬à“ß‰√°Áµ“¡„π°√≥’π’È§“√å∫Õπ∑’Ë‡°‘¥
ªØ‘°‘√‘¬“°“√‡ªî¥«ß¡’À¡Ÿà·∑π∑’Ë∂÷ß 3 À¡Ÿà‡æ‘Ë¡§«“¡‡ ∂’¬√
„Àâ·°à§“√å‚∫·§∑‰ÕÕÕπ ‡ªìπº≈„Àâ°≈‰°ª√–‡¿∑
SN1 ®–‡¢â“¡“¡’ à«π¡“°¢÷Èπ ( ¡°“√∑’Ë  5)
·≈–π”ªØ‘°‘√‘¬“‰ª Ÿà°“√ Ÿ≠‡ ’¬°“√‡≈◊Õ°‡°‘¥®”‡æ“–
·∫∫ ‡µÕ√‘‚Õ ·≈–‰¥âº≈‘µ¿—≥±å∑’Ë‰¡à¡’§«“¡®”‡æ“–
‡®“–®ß∑“ß ‡µÕ√‘‚ÕÀ√◊Õº≈‘µ¿—≥±å·∫∫√“‡´¡‘§‰¥â
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 ¡°“√∑’Ë 5  °≈‰°∑’Ë¡’§«“¡‡ªìπ‰ª‰¥â„π°“√‡°‘¥ªØ‘°‘√‘¬“ªî¥«ß¿“¬„π‚¡‡≈°ÿ≈‚¥¬¡’°√¥‡ªìπµ—«‡√àßªØ‘°‘√‘¬“

®“°º≈¢Õß %ee ∑’Ë‰¥â¢Õßº≈‘µ¿—≥±å·∫∫
«ß¡’§à“µË”°«à“ “√Õ‘ªÕ°‰´¥åµ—Èßµâπ∂÷ß·¡â®–‰¡à¡“°°Áµ“¡
·µà°Á¡“°æÕ∑’Ë®–∫àß∫Õ°‰¥â«à“¡’ªØ‘°‘√‘¬“ª√–‡¿∑ SN1
‡°‘¥¢÷Èπ∫“ß à«π ·µà°Á‰¡à∂÷ß¢π“¥‡°‘¥°“√√“‡´‰¡‡´™—π
·∫∫ ¡∫Ÿ√≥å ´÷Ëß Õ¥§≈âÕß°—∫ ¡¡µ‘∞“π∑’Ë«à“
¢∫«π°“√¢ÕßªØ‘°‘√‘¬“ªî¥«ß¿“¬„π‚¡‡≈°ÿ≈
(·∫∫ SN2) ‡°‘¥¢÷Èπ‰¥â√«¥‡√Á«°«à“°“√‡°‘¥¢Õß
·§∑‰ÕÕÕπÕ‘π ‡µÕ√å ¡’ ‡ ¥’ ¬µ  (·∫∫ SN1)
·≈–πÕ°®“°π’È°“√≈¥≈ß„πª√‘¡“≥∑’Ë„°≈â‡§’¬ß°—π
¢Õß %ee „πº≈‘µ¿—≥±å∑’Ë‡°‘¥„πªØ‘°‘√‘¬“∑’Ë°√–∑”
¿“¬„µâ ¿“«–√’ø≈—°´å (entry 2) ·≈–∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß
(entry 3) ¬—ß· ¥ß„Àâ‡ÀÁπ∂÷ß°“√‰¡à¢÷Èπ°—∫Õÿ≥À¿Ÿ¡‘
¢ÕßªØ‘°‘√‘¬“°“√ªî¥«ß¥—ß°≈à“«

°“√µ√«® Õ∫º≈‘µ¿—≥±å„π¢—ÈπµÕπ°“√
∑¥ Õ∫§«“¡‡ªìπ‰ª‰¥â„π™à«ßª∞¡¿Ÿ¡‘∑’Ë‡√‘Ë¡®“°
 “√µ—Èßµâπ∑’Ë‡ªìπÕ–π‘≈’π ∑—Èß„πªØ‘°‘√‘¬“·Õ≈§‘‡≈™—π
(2A) ·≈–ªØ‘°‘√‘¬“°“√øÕ√å¡«ßÕÕ°´“‚´≈‘¥‘‚ππ
¥â«¬°√¥ (3A) ´÷Ëß°√≥’¢Õß “√∑’Ë¡’À¡Ÿà·∑π∑’Ë‡ªìπ
À¡Ÿàøïπ‘≈∑—Èß·∫∫√“‡´¡‘§·≈–·∫∫∑’Ë¡’ %ee  Ÿß (74)
 “¡“√∂°√–∑”‰¥â¥â«¬°√√¡«‘∏’·°ä ‚§√¡“‚µ°√“øï
(GC) ¥â«¬§Õ≈—¡πå™π‘¥ OV-1701 (¿“æ∑’Ë 2-5)
·≈–¥—™π’°“√·¬° Separation factor À√◊Õ Selectivity
factor (") ∑’Ë§”π«≥‰¥â¢Õß “√™ÿ¥π’ÈÕ¬Ÿà„π™à«ß
1.02 › 1.03 ´÷ËßÕ“®®–‡ªìπ§à“∑’Ë‰¡à¥’π—° ·µà‡¡◊ËÕ
æ‘®“√≥“®“°§à“ Resolution (Rs) ¢Õß “√Õ‘ªÕ°‰´¥å

2A ·≈–  “√ÕÕ°´“‚´≈‘¥‘‚ππ 3A §◊Õ 0.97
·≈– 0.86 µ“¡≈”¥—∫ ®–‡ÀÁπ‰¥â«à“ “¡“√∂·¬°‰¥â
Õ¬Ÿà„π√–¥—∫∑’Ë¥’æÕ„™â ‡π◊ËÕß®“°æ’§·¬°°—π§àÕπ¢â“ß
™—¥‡®π ·µà¬—ß¡’∫√‘‡«≥∞“π¢Õßæ’§∑’Ë¬—ß∑—∫°—πÕ¬Ÿà
∫â“ß‡π◊ËÕß®“°§à“√’‡∑π™—Ëπ‰∑¡åπ—Èπ„°≈â°—π¡“°§◊ÕÕ¬Ÿà
·§àª√–¡“≥ 1 π“∑’  àßº≈„Àâ§à“ Rs π—ÈπµË”≈ß
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°“√·¬°º≈‘µ¿—≥±å∑’Ë ‰¥â ®“°ªØ‘°‘ √‘ ¬“
·Õ≈§‘‡≈™—π (2B, 2B-(S)) „π°√≥’¢Õß “√∑’Ë¡’À¡Ÿà
·∑π∑’Ë·∫∫√“‡´¡‘§  “¡“√∂°√–∑”‰¥â¥â«¬‡§√◊ËÕß
HPLC µ‘¥µ—Èß¥â«¬§Õ≈—¡πå OJ-H (¿“æ∑’Ë 6) §à“ "
∑’Ë§”π«≥‰¥â¢Õß “√§“√å∫“‡¡µ 2B ·≈– 2B-(S)
§◊Õ 1.14 ·≈– 1.12 µ“¡≈”¥—∫ ·≈–§à“ Rs

¢Õß “√§“√å∫“‡¡µ 2B ·≈– 2B-(S) §◊Õ 1.99
·≈– 1.88 µ“¡≈”¥—∫ „π°√≥’π’È∂÷ß·¡â√’‡∑π™—Ëπ‰∑¡å
®–„°≈â‡§’¬ß°—π‡ªìπ‡Àµÿ„Àâ¡’∫√‘‡«≥∞“π¢Õßæ’§∑’Ë¬—ß∑—∫
°—πÕ¬Ÿà∫“ß à«π ·µàÕ¬à“ß‰√°Áµ“¡§à“∑’Ë§”π«≥‰¥âπ—Èπ
™’È„Àâ‡ÀÁπ«à“ “¡“√∂·¬° “√‰§√—≈∑—Èß Õß‰Õ‚´‡¡Õ√å
‰¥â¥’æÕ ¡§«√

¿“æ∑’Ë 6 HPLC chromatogram of tert-butyl-3-fluoro-4-morpholinophenyl (oxiran-2-ylmethyl)
carbamate 2B and (S)-tert-butyl-3-fluoro-4-morpholinophenyl (oxiran-2-ylmethyl)
carbamate 2B-(S) by using OJ-H column
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°“√·¬°º≈‘µ¿—≥±å∑’Ë ‰¥â ®“°ªØ‘°‘ √‘ ¬“
°“√øÕ√å¡«ßÕÕ°´“‚´≈‘¥‘‚ππ¥â«¬°√¥ (3B, 3B-(R))
„π°√≥’¢Õß “√∑’Ë¡’À¡Ÿà·∑π∑’Ë·∫∫√“‡´¡‘§ B  “¡“√∂
°√–∑”‰¥â¥â«¬‡§√◊ËÕß HPLC µ‘¥µ—Èß¥â«¬§Õ≈—¡πå OD
(¿“æ∑’Ë 7) §à“ " ∑—Èß Õß¢Õß “√ÕÕ°´“‚´≈‘¥‘‚ππ
3B ·≈– 3B-(R) §◊Õ 1.57 ·≈– 1.59 µ“¡≈”¥—∫

·≈–§à“ Rs ¢Õß “√§“√å∫“‡¡µ 2B ·≈– 2B-(R)
§◊Õ 12.55 ·≈– 14.70 µ“¡≈”¥—∫ ÷́Ëß°√≥’π’È‡ÀÁπ‰¥â™—¥
«à“·¬°°—π™—¥‡®π ·≈–µ“¡§à“∑’Ë§”π«≥‰¥âπ—Èπ
°Á· ¥ß„Àâ‡ÀÁπ‡™àπ°—π«à“ “¡“√∂·¬° “√‰§√—≈
∑—Èß Õß‰Õ‚´‡¡Õ√å‰¥âÕ¬à“ß ¡∫Ÿ√≥å

¿“æ∑’Ë 7 HPLC chromatogram of 3-(3-fluoro-4-morpholinophenyl)-5-(hydroxymethyl) oxazolidin-
2-one 3B and (R)-3-(3-fluoro-4-morpholinophenyl)-5-(hydroxymethyl) oxazolidin-
2-one 3B-(R) by using OD column

 √ÿª·≈–Õ¿‘ª√“¬º≈
‚¥¬ √ÿª·≈â«ªØ‘°‘√‘¬“·Õ≈§‘‡≈™—π„π°“√

 —ß‡§√“–Àå “√‰§√—≈®”æ«°‰§√—≈Õ‘ªÕ°‰´¥å “¡“√∂
°√–∑”‰¥â‚¥¬‡ªÕ√å‡´Áπµåº≈‘µ¿—≥±åÕ¬Ÿà„π‡°≥±å∑’Ë¥’
∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ·µà∂â“§”π÷ß∂÷ß§à“ %ee ‡ªìπÀ≈—°
§«√‡≈◊Õ°°√–∑”∑’ËÕÿ≥À¿Ÿ¡‘∑’ËµË”°«à“ -60oC
‡æ◊ËÕÀ≈’°‡≈’Ë¬ß°“√‡°‘¥ªØ‘°‘√‘¬“ SN2û  à«πªØ‘°‘√‘¬“
°“√ªî¥«ß‚¥¬¡’°√¥‡ªìπµ—«‡√àßªØ‘°‘√‘¬“„π°“√
 —ß‡§√“–Àå “√ª√–°Õ∫‰§√—≈ÕÕ°´“‚´≈‘¥‘‚ππ
´÷Ëß‡ªìπ “√¡—∏¬—πµ√å¢Õß¬“ªØ‘™’«π–≈’‡π‚´≈‘¥π—Èπ
 “¡“√∂°√–∑”‰¥â„π‡ªÕ√å‡´Áπµåº≈‘µ¿—≥±å∑’Ë Ÿß
πà“æÕ„® √«¡∑—ÈßªØ‘°‘√‘¬“π—Èπ°Á‰¡à¢÷ÈπµàÕÕÿ≥À¿Ÿ¡‘
Õ¬à“ß‰√°Áµ“¡ %ee ∑’Ë‰¥â®–µË”°«à“¢Õß “√µ—Èßµâπ
·≈–‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß GC ·≈– HPLC  “¡“√∂π”
¡“„™â·¬°º≈‘µ¿—≥±å∑’Ë‰¥â®“°ªØ‘°‘√‘¬“·Õ≈§‘‡≈™—π
·≈–ªØ‘°‘ √‘ ¬“°“√øÕ√å¡«ßÕÕ°´“‚´≈‘¥‘ ‚ππ
¢Õß√–∫∫ “√ A (Ar = Ph) ·≈–√–∫∫ “√ B

(°“√ —ß‡§√“–Àå “√¡—∏¬—πµ√å¬“≈’‡π‚´≈‘¥) µ“¡≈”¥—∫
‚¥¬ HPLC µ‘¥µ—Èß¥â«¬§Õ≈—¡πå OJ-H  “¡“√∂„™â„π
°“√·¬° “√¡—∏¬—πµ√åª√–‡¿∑Õ‘ªÕ°‰´¥å‰¥â„π√–¥—∫
∑’Ë¥’æÕ„™â ¥â«¬§à“ a ·≈–§à“ Rs ¢Õß “√ 2B-(S)
§◊Õ 1.12 ·≈– 1.88 µ“¡≈”¥—∫ ·≈– HPLC µ‘¥µ—Èß
¥â«¬§Õ≈—¡πå OD  “¡“√∂„™â„π°“√·¬° “√
¡—∏¬—πµ√åª√–‡¿∑ÕÕ°´“‚´≈‘¥‘‚ππ‰¥â ¡∫Ÿ√≥å
‚¥¬∑’Ë§à“ " ·≈–§à“ Rs ¢Õß “√ 3B-(R) §◊Õ 1.59
·≈– 14.70 µ“¡≈”¥—∫
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fluid extraction: a novel method for the resolution of tetramisole, Tetrahedron: Asymmetry.
10: 1275-1281.

[7] a) Henri, B. K.; Olhrier, R. (1992). Catalytic Asymmetric Diels-Alder Reactions. Chem. Rev.
92: 1007-1019.

b) Gilson, Z.; Richard, C. L. (2004). Synthesis of Heterocycles via Palladium $-Olefin and
$-Alkyne Chemistry. Chem. Rev. 104: 2285-2309.

c) Zyvox˙, Retrieved June 28, 2011, from http://www.pfizerpro.com/hcp/zyvox
[8] Janine, M. C.; Grant, S. H.; Denis, R. L. (2000). Biotransformation of the Trichoderma metabolite

6-n-pentyl-2H- pyran-2-one by cell suspension cultures of Pinus radiate. Phytochemistry.
53: 447-450.

[9] Bureau of drug control, Retrieved June 28, 2011, from http://wwwapp1.fda.moph.go.th

P67-144 4/5/13, 11:09 AM91



92

«“√ “√¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤ ( “¢“«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’)              ªï∑’Ë 5 ©∫—∫∑’Ë 9 ¡°√“§¡ - ¡‘∂ÿπ“¬π 2556

[10] Sirijindalert, T.; Hansuthirakul, K.; Rashatasakhon, P.; Sukwattanasinitt, M.; Ajavakom, A. (2010).
Novel synthetic route to 1,4-dihydropyridines from #-amino acrylates by using titanium(IV)
chloride under facile conditions. Tetrahedron. 66: 5161-5167.

[11] a) Lirong, S.; Xiaobei, C.; Shilei, Z.; Haoyi, Z.; Ping, L.; Guangshun, L.; Wenjing, L.; Wenhu,
D.; Wei, W. (2008). An Organocatalytic Approach to the Construction of Chiral Oxazolidinone
Rings and Application in the Synthesis of Antibiotic Linezolid and Its Analogues.
Org. Lett. 10: 5489-5492.

b) Srinivasarao V. N.; Arumugam, S. (2006). Short and practical enantioselective synthesis of
linezolid and eperezolid via proline-catalyzed asymmetric a-aminooxylation. Tetrahedron
Lett. 47: 6799-6802.

c) Giuseppe, B.; Marcella, B.; Armando, C.; Manuela, L.; Paolo, M.; Letizia, S. (2005). Direct
Catalytic Synthesis of Enantiopure 5-Substituted Oxazolidinones from Racemic Terminal
Epoxides. Org. Lett. 7: 1983-1985.

d) Roberto, Morán-R.; Ramón, L.; Vicente, G. (2007). Regioselective and Stereospecific
Synthesis of Enantiopure 1,3-Oxazolidin-2-ones by Intramolecular Ring Opening of
2-(Boc-aminomethyl) aziridines. Preparation of the Antibiotic Linezolid. Org. Lett. 9: 575-
578.

[12] Application Guide for Chiral Column Selection. (2004). 3rd  ed. Daicel Chemical Industries, Ltd.,
p. 76.

[13] Krause, K.; Girod, M.; Chankvetadze, B.; Blascnke, G. (1999). J. Chromatography A. 837:
51-63.

[14] Srinivasarao V. Narina, Arumugam Sudalai. (2006). Short and practical enantioselective
synthesis of linezolid and eperezolid via proline-catalyzed asymmetric "-aminooxylation.
Tetrahedron Lett. 47: 6799-6802.

P67-144 4/5/13, 11:09 AM92


