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Õπÿæ—π∏å‰Õ‚´Õ‘π‚¥≈’π-1,3-‰¥‚Õπ¢Õß 1-‡∫π´‘≈æ‘‡æÕ√“´’π∑’Ë¡’ƒ∑∏‘Ï¬—∫¬—Èß
‡Õπ‰´¡åÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√ 

Isoindoline-1,3-dione Derivatives of 1-benzylpiperazine as
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∫∑§—¥¬àÕ

 “√¬—∫¬—Èß‡Õπ‰´¡åÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√  (acetylcholinesterase inhibitors, AChEIs) ‡ªìπ
¬“°≈ÿà¡ ”§—≠∑’Ë„™â„π°“√√—°…“‚√§Õ—≈‰´‡¡Õ√å„πªí®®ÿ∫—π „πß“π«‘®—¬π’È Õπÿæ—π∏å‰Õ‚´Õ‘π‚¥≈’π-1,3-‰¥‚Õπ¢Õß
1-‡∫π´‘≈æ‘‡æÕ√“´’π´÷Ëß¡’ ‚§√ß √â“ß§≈â“¬ donepezil ∂Ÿ° —ß‡§√“–Àå·≈–ª√–‡¡‘πƒ∑∏‘Ï¬—∫¬—ÈßÕ–‡´μ‘≈
‚§≈’π‡Õ ‡∑Õ‡√   “√‡À≈à“π’È„Àâ§à“ % inhibition Õ¬Ÿà„π™à«ß 60 - 90% ∑’Ë 100 μM ·≈–· ¥ßƒ∑∏‘Ï
ª“π°≈“ß„π°“√¬—∫¬—Èß‡Õπ‰´¡åÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√   “√∑’Ë¡’ƒ∑∏‘Ï¥’∑’Ë ÿ¥®“°°“√∑¥ Õ∫ ‰¥â·°à
 “√À¡“¬‡≈¢ 11 (IC

50
 = 9.83 μM) πÕ°®“°π’È  “√∑’Ë¡’À¡Ÿà‡™◊ËÕ¡μàÕ√–À«à“ß‚§√ß √â“ß à«π‰Õ‚´Õ‘π‚¥≈’π-1,

3-‰¥‚Õπ°—∫«ß·À«πæ‘‡æÕ√“´’π¥â«¬ “¬‚´à‚æ√æ‘≈’π (n=3) ¡’§«“¡®”‡æ“–‡®“–®ßμàÕÕ–‡´μ‘≈‚§≈’π
‡Õ ‡∑Õ‡√ ¡“°°«à“∫‘«‰∑√‘≈‚§≈’π‡Õ ‡∑Õ‡√ 
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Abstract

Acetylcholinesterase inhibitors (AChEIs) are important agents currently used in the
treatment of Alzheimerûs disease. In this research, isoindoline-1,3-dione derivatives of
1-benzylpiperazine, structurally related to donepezil, were synthesized and evaluated for
their AChE inhibitory activity. These compounds exhibited 60-90 % inhibition at 100 μM
concentration and showed moderate inhibition against AChE. Compound 11 (IC

50
 = 9.83 μM)

possessed the best AChE inhibitory activity among the tested compounds. Compounds
with propylene chain (n=3) linking isoindoline-1,3-dione and piperazine moieties showed
selectivity to AChE over butyrylcholinesterase (BuChE).

Keywords: acetylcholinesterase inhibitor, synthesis, isoindoline-1,3-dione

∫∑π”

‚√§Õ—≈‰´‡¡Õ√å‡ªìπ‚√§ ¡Õß‡ ◊ËÕ¡∑’Ëæ∫„πª√–™“°√ºŸâ ŸßÕ“¬ÿÀ≈“¬≈â“π§π∑—Ë«‚≈° ºŸâªÉ«¬®–¡’°“√
 Ÿ≠‡ ’¬§«“¡®”·≈–‡°‘¥°“√∑”≈“¬‡π◊ÈÕ ¡ÕßÕ¬à“ßμàÕ‡π◊ËÕß  “‡Àμÿ¢Õß°“√‡°‘¥‚√§π’È¬—ß‰¡à∑√“∫·πà™—¥ ·μà
¡’ß“π«‘®—¬∫àß™’È«à“‡°‘¥®“° “‡ÀμÿÀ≈“¬ª√–°“√ ‡™àπ °“√‡°‘¥ beta amyloid plaques, §«“¡º‘¥ª°μ‘¢Õß
tau protein ·≈–°“√∑”≈“¬‡ âπª√– “∑‚§≈‘‡πÕ√å®‘°¿“¬„π ¡Õß∑”„Àâ‡°‘¥°“√≈¥≈ß¢ÕßÕ–‡´μ‘≈‚§≈’π
(acetylcholine, ACh) ÷́Ëß‡ªìπ “√ ◊ËÕª√– “∑∑’Ë‡°’Ë¬«¢âÕß°—∫§«“¡®”·≈–°“√‡√’¬π√Ÿâ (Lleo et al, 2006)
°“√√—°…“¥â«¬¬“¢Õß‚√§Õ—≈‰´‡¡Õ√å„πªí®®ÿ∫—π‡ªìπ°“√‡æ‘Ë¡√–¥—∫¢Õß “√ ◊ËÕª√– “∑Õ–‡´μ‘≈‚§≈’π„π ¡Õß
‚¥¬°“√„™â¬“∑’Ë¡’ƒ∑∏‘Ï¬—∫¬—Èß°“√∑”ß“π¢Õß‡Õπ‰´¡åÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√  (acetylcholinesterase
inhibitor, AChEI) ´÷Ëß‡ªìπ‡Õπ‰´¡å∑’Ë∑”Àπâ“∑’Ë∑”≈“¬Õ–‡´μ‘≈‚§≈’π‡ªìπº≈„Àâ√–¥—∫¢ÕßÕ–‡´μ‘≈‚§≈’π„π
 ¡Õß‡æ‘Ë¡ Ÿß¢÷Èπ ‰¥â·°à tacrine ·≈– donepezil ‡ªìπμâπ (¿“æ∑’Ë 1)

¿“æ∑’Ë 1  · ¥ß‚§√ß √â“ß¢Õß¬“√—°…“‚√§Õ—≈‰´‡¡Õ√å (Lleo et al, 2006)
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°“√»÷°…“‚§√ß √â“ß¢Õß‡Õπ‰´¡åÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√ ∑’Ë‰¥â®“° Torpedo californica (TcAChE)
æ∫«à“ μ”·ÀπàßÕÕ°ƒ∑∏‘Ï¡’≈—°…≥–‡ªìπ™àÕß∑’Ë≈÷°·≈–·§∫ (gorge) ¡’§«“¡¬“«ª√–¡“≥ 20 Å ª√–°Õ∫
¥â«¬ peripheral anionic site (PAS) „π∫√‘‡«≥ à«π∫π ∂—¥¡“‡ªìπμ”·Àπàß mid gorge ·≈– catalytic
anionic site (CAS) ÷́Ëß‡°‘¥Õ—πμ√°‘√‘¬“°—∫À¡Ÿà quaternary amino ¢ÕßÕ–‡´μ‘≈‚§≈’π  à«π„π∫√‘‡«≥
≈à“ß ÿ¥¢Õß™àÕß‡ªìπ à«π∑’Ë‡°‘¥°“√μ—¥æ—π∏–‡Õ ‡∑Õ√å„π‚§√ß √â“ß¢ÕßÕ–‡´μ‘≈‚§≈’π (Houghton et al, 2006)

„π°“√ÕÕ°·∫∫·≈–æ—≤π“ “√„À¡à∑’Ë¡’ƒ∑∏‘Ï¬—∫¬—Èß‡Õπ‰´¡åÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√ „πªí®®ÿ∫—π®–
‡πâπ‰ª∑’Ë°“√ÕÕ°·∫∫ dual binding site inhibitor ´÷Ëß “¡“√∂‡°‘¥Õ—πμ√°‘√‘¬“∑—Èß°—∫ à«π¢Õß PAS ·≈–
CAS ¢Õß‡Õπ‰´¡å ¡’√“¬ß“π«à“ “√∑’Ë “¡“√∂®—∫°—∫ PAS ¢Õß‡Õπ‰´¡å “¡“√∂√∫°«π°“√‡°‘¥ amyloid
plaques ®÷ß≈¥ªí®®—¬∑’Ë∑”„Àâ‡°‘¥‚√§Õ—≈‰´‡¡Õ√åÕ’°ªí®®—¬Àπ÷Ëß (Munoz-Torrero and Camps, 2006)

donepezil ´÷Ëß‡ªìπ¬“∑’Ë¬—∫¬—Èß‡Õπ‰´¡åÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√ ·∫∫ dual binding siteª√–°Õ∫
¥â«¬‚§√ß √â“ßÀ≈—° 3  à«π §◊Õ  à«π¢Õß«ß·À«π indanone, piperidine ·≈– benzyl º≈®“°°“√»÷°…“
‚§√ß √â“ß X-ray ¢Õß¬“ donepezil ∑’Ë®—∫Õ¬Ÿà°—∫ TcAChE æ∫«à“ «ß·À«π indanone ¢Õß donepezil
‡°‘¥ -  interaction °—∫ Trp279 ∑’Ë∫√‘‡«≥ PAS πÕ°®“°π’È À¡Ÿà tertiary amino „π«ß·À«π piperidine
‡°‘¥Õ—πμ√°‘√‘¬“·∫∫ cation-  °—∫ Phe330 ·≈–À¡Ÿà benzyl ‡°‘¥ - interaction °—∫ Tyr84 ∑’Ëμ”·Àπàß
CAS ¢ÕßÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√  (Piazzi et al, 2003)

Õπÿæ—π∏å isoindoline-1,3-dione ¢Õß 1-benzylpiperazine ( “√À¡“¬‡≈¢ 7 - 12, μ“√“ß∑’Ë 1)
‡ªìπ “√¡—∏¬—πμå®“° Gabriel synthesis ÷́Ëß‡ªìπ¢—ÈπμÕπÀπ÷Ëß„π«‘∂’°“√ —ß‡§√“–Àå “√„πß“π«‘®—¬ “√
∑’Ë¡’ƒ∑∏‘Ï¬—∫¬—Èß‡Õπ‰´¡åÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√ ∑’Ë°”≈—ß¥”‡π‘π°“√„π°≈ÿà¡¢ÕßºŸâ«‘®—¬Õ¬Ÿà„π¢≥–π’È ·μà
‡π◊ËÕß®“°‚§√ß √â“ß¢Õß “√À¡“¬‡≈¢ 7 - 12 §≈â“¬°—∫‚§√ß √â“ß∑’Ë®”‡ªìπμàÕ°“√ÕÕ°ƒ∑∏‘Ï∑“ß‡¿ —™«‘∑¬“
(pharmacophore) ¢Õß donepezil °≈à“«§◊Õ ª√–°“√·√° ‚§√ß √â“ß„π à«π¢Õß«ß·À«π isoindoline-1,
3-dione ¢Õß “√À¡“¬‡≈¢ 7 - 12 ‡ªìπ bicyclic ring ∑’Ë¡’≈—°…≥–§≈â“¬°—∫«ß·À«π indanone „π
‚§√ß √â“ß¢Õß donepezil ª√–°“√μàÕ¡“  à«π¢Õß«ß·À«π piperazine ∑’Ëª√–°Õ∫¥â«¬À¡Ÿà tertiary amino
‡™àπ‡¥’¬«°—∫„π‚§√ß √â“ß à«π«ß·À«π piperidine ¢Õß donepezil ·≈–ª√–°“√ ÿ¥∑â“¬ ∑—Èß “√À¡“¬‡≈¢
7 - 12 ·≈– donepezil μà“ß°Á¡’À¡Ÿà aromatic (¿“æ∑’Ë 2) ®÷ß§“¥«à“ “√„π°≈ÿà¡π’Èπà“®– “¡“√∂‡°‘¥
Õ—μ√°‘√‘¬“μàÕ‡Õπ‰´¡åÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√ ‰¥â„π≈—°…≥–§≈â“¬§≈÷ß°—∫¬“ donepezil ·≈–πà“®–¡’ƒ∑∏‘Ï
¬—∫¬—Èß‡Õπ‰´¡å¥—ß°≈à“« §≥–ºŸâ«‘®—¬®÷ß¡’§«“¡ π„®∑’Ë®–∑”°“√∑¥ Õ∫ƒ∑∏‘Ï¬—∫¬—Èß‡Õπ‰´¡åÕ–‡´μ‘≈‚§≈’π
‡Õ ‡∑Õ‡√ ¢ÕßÕπÿæ—π∏å isoindoline-1,3-dione ¢Õß 1-benzylpiperazine



Isoindoline-1,3-dione Derivatives of 1-benzylpiperazine as SDU Res. J. 6 (1): Jan-Apr 2013
Acetylcholinesterase Inhibitors

144

¿“æ∑’Ë 2  ‚§√ß √â“ß¢Õß donepezil °—∫Õπÿæ—π∏å isoindoline-1,3-dione ¢Õß 1-benzylpiperazine

 ”À√—∫Õπÿæ—π∏å isoindoline-1,3-dione ¢Õß 1-benzylpiperazine „πß“π«‘®—¬π’È  “√À¡“¬‡≈¢
8, 9, 11, 12 ‡ªìπ “√„À¡à∑’Ë¬—ß‰¡à‡§¬¡’√“¬ß“π°“√ —ß‡§√“–Àå·≈–∑¥ Õ∫ƒ∑∏‘Ï∑“ß‡¿ —™«‘∑¬“¡“°àÕπ
 à«π “√À¡“¬‡≈¢ 7 ·≈– 10 ‡§¬¡’°“√®¥ ‘∑∏‘∫—μ√‡ªìπ “√∑’ËÕÕ°ƒ∑∏‘ÏμàÕ·§≈‡ ’́¬¡·™π·π≈ (calcium
channel modulator, Choi et al, 2009) ·≈–‡ªìπ≈‘·°π¥å¢Õßμ—«√—∫™π‘¥ 5HT1A (Newington et al,
2011) πÕ°®“°π’È  “√À¡“¬‡≈¢ 10 ¬—ß‡§¬¡’√“¬ß“π«à“‡ªìπº≈‘μ¿—≥±å∑’Ë‰¥â®“°°“√ —ß‡§√“–Àå„π multiwell
plate ‚¥¬„™â ‰¡‚§√‡«ø™à«¬‡√àßªØ‘°‘√‘¬“ (Maras et al, 2012) Õ¬à“ß‰√°Á¥’ ¬—ß‰¡à‡§¬¡’√“¬ß“π°“√»÷°…“
ƒ∑∏‘Ï¬—∫¬—Èß‡Õπ‰´¡åÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√ ¢Õß “√À¡“¬‡≈¢ 7 ·≈– 10 ¡“°àÕπ

®“°°“√»÷°…“º≈¢ÕßÀ¡Ÿà·∑π∑’Ëμà“ßÊ ∫π‚§√ß √â“ß¢Õß donepezil ́ ÷Ëß‡ªìπ “√μâπ·∫∫¢ÕßÕπÿæ—π∏å
isoindoline-1,3-dione ¢Õß 1-benzylpiperazine ∑’Ë∑”°“√»÷°…“„πß“π«‘®—¬π’È æ∫«à“ °“√‡ª≈’Ë¬π·ª≈ß
À¡Ÿà·∑π∑’Ë∫π«ß·À«π indanone ¢Õß donepezil ¡’º≈πâÕ¬μàÕ°“√‡°‘¥Õ—πμ√°‘√‘¬“°—∫Õ–‡´μ‘≈‚§≈’π
‡Õ ‡∑Õ‡√  °“√·∑π∑’Ë∫πμ”·Àπàß meta ∫π«ß·À«π benzyl ¥â«¬À¡Ÿà„ÀâÕ‘‡≈Á°μ√Õπ„Àâƒ∑∏‘Ï∑’Ë¥’∑’Ë ÿ¥
πÕ°®“°π’È ¬—ßæ∫«à“§«“¡¬“«¢Õß linker ∑’Ë‡™◊ËÕ¡μàÕ√–À«à“ß«ß·À«π indanone °—∫ piperidine °Á¡’º≈
μàÕ°“√ÕÕ°ƒ∑∏‘Ï¢Õß “√ (Kryger et al, 1999)

∫‘«‰∑√‘≈‚§≈’π‡Õ ‡∑Õ‡√  ‡ªìπ‡Õπ‰´¡å„π°≈ÿà¡‚§≈’π‡Õ ‡∑Õ‡√ Õ’°™π‘¥Àπ÷Ëß∑’Ë∑”≈“¬Õ–‡´μ‘≈‚§≈’π
„π ¡Õß¢Õß§πª°μ‘æ∫«à“Õ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√ ¡’°‘®°√√¡ (activity)  Ÿß°«à“ ·μà„π ¡Õß¢ÕßºŸâªÉ«¬
Õ—≈‰´‡¡Õ√å°≈—∫æ∫«à“„π¢≥–∑’ËÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√ ¡’√–¥—∫μË”≈ß·μà∫‘«‰∑√‘≈‚§≈’π‡Õ ‡∑Õ‡√ ¡’√–¥—∫
§ß∑’ËÀ√◊Õ Ÿß¢÷Èπ Õ’°∑—Èß¬—ß —ππ‘…∞“π«à“∫‘«‰∑√‘≈‚§≈’π‡Õ ‡∑Õ‡√ Õ“®¡’ à«π‡°’Ë¬«¢âÕß°—∫°“√‡°‘¥ beta
amyloid plaques Õ’°¥â«¬ (Balasubramanian, 2001)
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 “√∑’Ë “¡“√∂¬—∫¬—ÈßÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√  À√◊Õ ∫‘«‰∑√‘≈‚§≈’π‡Õ ‡∑Õ‡√ ‰¥âÕ¬à“ß®”‡æ“–
‡®“–®ß®–π”‰ª Ÿà§«“¡‡¢â“„®∫∑∫“∑¢Õß‡Õπ‰´¡å∑—Èß Õß™π‘¥„π√–∫∫ª√– “∑‚§≈‘‡πÕ√å®‘°‰¥â¥’¬‘Ëß¢÷Èπ  à«π
 “√∑’Ë “¡“√∂¬—∫¬—Èß‡Õπ‰´¡å∑—Èß Õß™π‘¥‰¥â°Áπà“®–‡ªìπª√–‚¬™πå„π°“√æ—≤π“‡ªìπ¬“√—°…“Õ—≈‰´‡¡Õ√å∑’Ë¡’
ª√– ‘∑∏‘¿“æ Ÿß¢÷Èπ·≈–¡’¢âÕ∫àß„™â„π°“√√—°…“∑’ËÀ≈“°À≈“¬¢÷Èπ (Giacobini, 2004) ¥—ßπ—Èπ®÷ß¡’§«“¡
πà“ π„®∑’Ë®–ª√–‡¡‘πƒ∑∏‘Ï¬—∫¬—Èß‡Õπ‰´¡å∫‘«‰∑√‘≈‚§≈’π‡Õ ‡∑Õ‡√ ¥â«¬

«—μ∂ÿª√– ß§å

„πß“π«‘®—¬π’È ºŸâ«‘®—¬‰¥â∑”°“√ —ß‡§√“–ÀåÕπÿæ—π∏å isoindoline-1,3-dione ¢Õß 1-benzylpiperazine
®”π«π 6 ™π‘¥ ( “√À¡“¬‡≈¢ 7 - 12, μ“√“ß∑’Ë 1) ‚¥¬‡ª≈’Ë¬π·ª≈ßÀ¡Ÿà·∑π∑’Ë∫πμ”·Àπàß meta
∫π phenyl ring (R) ¥â«¬À¡Ÿà CH

3
 À√◊Õ NO

2
 ·≈–‡ª≈’Ë¬π·ª≈ß§«“¡¬“«¢Õß linker ∑’Ë¡’§«“¡¬“« (n)

2 - 3 §“√å∫ÕπÕ–μÕ¡ π” “√∑’Ë —ß‡§√“–Àå‰¥â ‰ªæ‘ Ÿ®πå‚§√ß √â“ß ‚¥¬„™â IR, 1H-NMR, 13C-NMR
spectroscopy ·≈– mass spectrometry ·≈–«—¥§ÿ≥ ¡∫—μ‘∑“ß°“¬¿“æ (®ÿ¥À≈Õ¡‡À≈«) ®“°π—Èπ
π” “√∑’Ë‰¥â ‰ª∑¥ Õ∫ƒ∑∏‘Ï¬—∫¬—Èß‡Õπ‰´¡åÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√ ·≈–∫‘«‰∑√‘≈‚§≈’π‡Õ ‡∑Õ‡√ ‚¥¬„™â«‘∏’
¢Õß Ellman (Ingkaninan et al, 2003) ‡æ◊ËÕÀ“§à“‡ªÕ√å‡´Áπμå°“√¬—∫¬—Èß‡Õπ‰´¡å (% inhibition) §à“
§«“¡‡¢â¡¢âπ¢Õß “√∑’Ë “¡“√∂¬—∫¬—Èß‡Õπ‰´¡å‰¥â 50% (IC

50
) ·≈–∑”°“√§”π«≥§à“§«“¡®”‡æ“–‡®“–®ß

(selectivity) μàÕ‡Õπ‰´¡åÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√ ¢Õß “√∑’Ë —ß‡§√“–Àå‰¥â

μ“√“ß∑’Ë 1  ‚§√ß √â“ß¢ÕßÕπÿæ—π∏å isoindoline-1,3-dione ∑’Ë»÷°…“„πß“π«‘®—¬π’È

compound 7 8 9 10 11 12

R H CH
3

NO
2

H CH
3

NO
2

n 2 2 2 3 3 3
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Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß

 “√‡§¡’·≈–‡Õπ‰´¡å

benzylchloride, 3-nitrobenzylchloride, 3-methylbenzylchloride, N-(2-bromoethyl)
isoindoline-1,3-dione, piperazine, 5,5´-dithiobis(2-nitrobenzoic acid), acetylthiocholine iodide,
butyrylthiocholine iodide, albumin from bovine serum, trizma® base, 9-amino-1,2,3,
4-tetrahydroacridine hydrochloride ·≈– benzyltriethylammonium chloride (TEBAC) (Sigma
Aldrich, Singapore), N-(3-bromopropyl) isoindoline-1,3-dione (Merck, Germany), sodium
sulfate anhydrous ·≈– sodium carbonate (Fischer Scientific, ª√–‡∑»‰∑¬) acetonitrile (Duksan,
Korea), ethanol ·≈– hydrochloric acid (RCI Labscan, ª√–‡∑»‰∑¬), potassium iodide (UNVAR,
New Zealand), ethyl acetate, methanol, methylene chloride ·≈– hexane (P.S. Science
Chemical, ª√–‡∑»‰∑¬) Õ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√  ®“° Electricus erythmatosus ·≈–
∫‘«‰∑√‘≈‚§≈’π‡Õ ‡∑Õ‡√ ®“°´’√—¡¢Õß¡â“ (Sigma Aldrich, Singapore)

‡§√◊ËÕß¡◊Õ∑’Ë„™â ”À√—∫°“√»÷°…“≈—°…≥–∑“ß°“¬¿“æ·≈–«‘‡§√“–Àå‚§√ß √â“ß “√ ‰¥â·°à
Infrared Spectrophotometer (Perkin Elmer, precisely), Nuclear Magnetic Resonance
Spectrometer (Varian Unity Inova, 500 MHz), Mass spectrometer (Thermo Finnigan MAT
95XL), Melting Point Apparatus (Mel-TEMP II) ‡§√◊ËÕß¡◊Õ∑’Ë„™â∑¥ Õ∫ƒ∑∏‘Ï°“√¬—∫¬—Èß‡Õπ‰´¡å‰¥â·°à
Microplate reader (Biotele PowerWave

X
) ·≈– ‚ª√·°√¡ GraphPad Prism 2.01 32 Bit

Executable

«‘∏’°“√ —ß‡§√“–Àå

°“√ —ß‡§√“–ÀåÕπÿæ—π∏å 7 - 12 ª√–°Õ∫¥â«¬ 2 ¢—ÈπμÕπ ¥—ß· ¥ß„π¿“æ∑’Ë 3 ‡√‘Ë¡®“°°“√
 —ß‡§√“–ÀåÕπÿæ—π∏å 1-benzylpiperazine ( “√À¡“¬‡≈¢ 4 - 6) ‚¥¬Õ“»—¬ªØ‘°‘√‘¬“√–À«à“ßÕπÿæ—π∏å
benzylchloride ( “√À¡“¬‡≈¢ 1 - 3) °—∫ piperazine ®“°π—Èπ π”Õπÿæ—π∏å¢Õß 1-benzylpiperazine
∑”ªØ‘°‘√‘¬“°—∫ 2-(3-bromopropyl) isoindoline-1,3-dione À√◊Õ 2-(2-bromoethyl) isoindoline-1,
3-dione ‰¥âÕπÿæ—π∏å isoindoline-1,3-dione ( “√À¡“¬‡≈¢ 7 - 12) ¥—ß√“¬≈–‡Õ’¬¥μàÕ‰ªπ’È
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¿“æ∑’Ë 3  °“√ —ß‡§√“–ÀåÕπÿæ—π∏å isoindoline-1,3-dione: (i) ethanol, 65 ÌC, 4 hr; (ii)
potassium iodide, acetonitrile, sodium carbonate,
benzyltriethylammonium chloride, 80 ÌC, 48 hr

1. «‘∏’°“√∑—Ë«‰ª ”À√—∫°“√ —ß‡§√“–ÀåÕπÿæ—π∏å 1- benzylpiperazine ( “√À¡“¬‡≈¢ 4 - 6, ¥—¥·ª≈ß
®“° Lim et al, 2008)

π”Õπÿæ—π∏å benzylchloride ( “√À¡“¬‡≈¢ 1 - 3) ·≈– piperazine „πÕ—μ√“ à«π‚¡≈ 1:4
¡“≈–≈“¬„π ethanol §π„Àâ‡¢â“°—π „Àâ§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ 65 ÌC ‡ªìπ‡«≈“ª√–¡“≥ 4 ™—Ë«‚¡ß ‡¡◊ËÕ‡°‘¥
ªØ‘°‘√‘¬“ ¡∫Ÿ√≥å·≈â« √–‡À¬μ—«∑”≈–≈“¬ÕÕ°¥â«¬‡§√◊ËÕß rotary evaporator ®“°π—Èππ” “√∑’Ë‰¥â ‰ª °—¥
¥â«¬ 2M hydrochloric acid ·≈– ethyl acetate ‡°Á∫™—ÈππÈ”·≈â«π”‰ªª√—∫ pH „Àâ ‰¥â pH = 14 ¥â«¬ 2M
sodium hydroxide π”¡“ °—¥Õ’°§√—Èß¥â«¬ ethyl acetate (2 §√—ÈßÊ ≈– 100 mL) π”™—Èπ ethyl acetate
‰ª≈â“ß¥â«¬πÈ”·≈– “√≈–≈“¬Õ‘Ë¡μ—«¢Õß NaCl ®“°π—Èπ°”®—¥πÈ”∑’Ë¬—ß‡À≈◊ÕÕ¬Ÿà„π™—Èπ ethyl acetate ‚¥¬„™â
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anhydrous sodium sulfate ·≈â«√–‡À¬μ—«∑”≈–≈“¬ÕÕ°¥â«¬‡§√◊ËÕß rotary evaporator ·¬° “√∑’Ë
μâÕß°“√ÕÕ°®“° “√º ¡¥â«¬‡∑§π‘§ column chromatography ‚¥¬„™â silica gel ‡ªìπ stationary phase
·≈– methylene chloride:methanol (95:5) ‡ªìπ mobile phase ·≈â«∑” “√„Àâ∫√‘ ÿ∑∏‘Ï‚¥¬°“√μ°º≈÷°„π
methanol

2. «‘∏’°“√∑—Ë«‰ª ”À√—∫°“√ —ß‡§√“–ÀåÕπÿæ—π∏å isoindoline-1,3-dione ( “√À¡“¬‡≈¢ 7 - 12,
¥—¥·ª≈ß®“° Haydar et al. 2009)

π”Õπÿæ—π∏å 1-benzylpiperazine ( “√À¡“¬‡≈¢ 4 - 6), potassium iodide, benzyltriethyl
ammonium chloride, sodium carbonate ·≈– 2-(3-bromopropyl) isoindoline-1,3-dione ( ”À√—∫
°“√ —ß‡§√“–Àå “√À¡“¬‡≈¢ 7 - 9) À√◊Õ 2-(2-bromoethyl) isoindoline-1,3-dione ( ”À√—∫
°“√ —ß‡§√“–Àå “√À¡“¬‡≈¢ 10 - 12) „πÕ—μ√“ à«π‚¡≈‡∑à“°—∫ 2.0:0.5:1.0:1.0:1.0 μ“¡≈”¥—∫ „ à„π¢«¥
°âπ°≈¡ ‡μ‘¡ acetonitrile §π„Àâ‡¢â“°—π ®“°π—Èπ„Àâ§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ 80 ÌC ‡ªìπ‡«≈“ª√–¡“≥ 48 ™—Ë«‚¡ß
‡¡◊ËÕ‡°‘¥ªØ‘°‘√‘¬“ ¡∫Ÿ√≥å √–‡À¬μ—«∑”≈–≈“¬ÕÕ°¥â«¬‡§√◊ËÕß rotary evaporator ®“°π—Èππ” “√ ∑’Ë‰¥â ‰ª
 °—¥¥â«¬ 2M hydrochloric acid ·≈– ethyl acetate ‡°Á∫™—ÈππÈ”·≈â«π”‰ªª√—∫ pH „Àâ ‰¥â pH = 14 ¥â«¬
2M sodium hydroxide π”¡“ °—¥Õ’°§√—Èß¥â«¬ ethyl acetate (2 §√—ÈßÊ ≈– 100 mL) π”™—Èπ ethyl
acetate ‰ª≈â“ß¥â«¬πÈ”·≈– “√≈–≈“¬Õ‘Ë¡μ—«¢Õß NaCl ®“°π—Èπ°”®—¥πÈ”∑’Ë¬—ß‡À≈◊ÕÕ¬Ÿà„π™—Èπ ethyl acetate
‚¥¬„™â anhydrous sodium sulfate ·≈â«√–‡À¬μ—«∑”≈–≈“¬ÕÕ°¥â«¬‡§√◊ËÕß rotary evaporator ·¬°
 “√∑’ËμâÕß°“√ÕÕ°®“° “√º ¡¥â«¬‡∑§π‘§ column chromatography ‚¥¬„™â silica gel ‡ªìπ stationary
phase ·≈– „™â ethyl acetate : hexane (70:30) ‡ªìπ mobile phase ·≈â«∑”„Àâ∫√‘ ÿ∑∏‘Ï‚¥¬°“√μ°º≈÷°„π
methanol

 “√„Àâ∫√‘ ÿ∑∏‘Ï∑’Ë ‰¥â®“°°“√ —ß‡§√“–Àå„π∑—Èß Õß¢—ÈπμÕπ®–∂Ÿ°π”¡“∑”„Àâ·Àâß‚¥¬‡°Á∫„πμŸâ
 ÿ≠≠“°“»‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ®“°π—Èπ®÷ßπ”¡“™—ËßπÈ”Àπ—°·≈–§”π«≥√âÕ¬≈–º≈º≈‘μ (% yield)

«‘∏’°“√»÷°…“§ÿ≥ ¡∫—μ‘∑“ß°“¬¿“æ·≈–°“√«‘‡§√“–Àå‚§√ß √â“ß “√

≈—°…≥–∑“ß°“¬¿“æ¢Õß “√ ‡™àπ  ∂“π–  ’ ‰¥â®“°°“√ —ß‡°μ¥â«¬μ“‡ª≈à“ °“√«—¥®ÿ¥À≈Õ¡‡À≈«
∑”‚¥¬„™â‡§√◊ËÕß«—¥®ÿ¥À≈Õ¡‡À≈«‚¥¬∫√√®ÿ “√∑’ËμâÕß°“√∑¥ Õ∫≈ß„πÀ≈Õ¥§“æ‘≈≈“√’ „Àâ§«“¡√âÕπ·≈–
 —ß‡°μ°“√À≈Õ¡‡À≈«¥â«¬μ“‡ª≈à“ ∑”°“√»÷°…“À¡Ÿàøíß°å™—Ëπ„π‚§√ß √â“ß “√‚¥¬„™â IR spectroscopy
‚¥¬‡μ√’¬¡μ—«Õ¬à“ß„π√Ÿª¢Õß KBr pellet  “√À¡“¬‡≈¢ 4 - 6 ∑”°“√»÷°…“‚§√ß √â“ß‚¥¬„™â 1H-NMR
spectroscopy  à«π “√À¡“¬‡≈¢ 7 - 12 »÷°…“‚§√ß √â“ß‚¥¬„™â 1H-NMR ·≈– 13C-NMR
spectroscopy ‚¥¬„™â CDCl

3
 ‡ªìπμ—«∑”≈–≈“¬ ·≈–∑”°“√¬◊π¬—ππÈ”Àπ—°‚¡‡≈°ÿ≈¢Õß “√¥â«¬ mass

spectrometry ∑—Èß·∫∫ low- ·≈– high resolution
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«‘∏’°“√∑¥ Õ∫ƒ∑∏‘Ï¬—∫¬—Èß‡Õπ‰´¡åÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√ 

°“√À“ % inhibition „π°“√¬—∫¬—Èß‡Õπ‰´¡åÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√ ¥â«¬«‘∏’¢Õß Ellman
(Ingkaninan et al. 2003) ‚¥¬‡μ‘¡μ—«Õ¬à“ß∑’Ë≈–≈“¬„π ethanol §«“¡‡¢â¡¢âπ 100 μM ª√‘¡“μ√ 25 μL,
tris HCl buffer 50 mM ª√‘¡“μ√ 50 μL, acetylthiocholine iodide (ACTI) 15 mM ª√‘¡“μ√ 25 μL,
dithiobisnitrobenzoate (DTNB) ª√‘¡“μ√ 125 μL ·≈– electric eel AChE ª√‘¡“μ√ 25 μL ≈ß„π
96-well plate π”‰ª«—¥°“√¥Ÿ¥°≈◊π· ß∑’Ë§«“¡¬“«§≈◊Ëπ 405 nm ∑ÿ°Ê 11 «‘π“∑’‡ªìπ‡«≈“ 2 π“∑’¥â«¬
‡§√◊ËÕß microplate reader ·μà≈–μ—«Õ¬à“ß®–∑”°“√∑¥ Õ∫ 3 §√—Èß‚¥¬„™â donepezil ·≈– tacrine ‡ªìπ
 “√Õâ“ßÕ‘ß ®“°π—Èπ √â“ß°√“ø· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§à“°“√¥Ÿ¥°≈◊π· ß∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª°—∫‡«≈“ ‚¥¬
„™â‚ª√·°√¡ Prism ·≈–∑”°“√§”π«≥À“§à“ velocity ¢Õß‡Õπ‰´¡å §à“ % inhibition ‰¥â®“°°“√
§”π«≥‚¥¬„™â ¡°“√

% inhibition = (mean velocity ¢Õß blank - mean velocity ¢Õßμ—«Õ¬à“ß) x 100
mean velocity ¢Õß blank

°“√À“ %inhibition ¢Õß BuChE „™â«‘∏’°“√‡¥’¬«°—∫ ¢Õß AChE ·μà‡ª≈’Ë¬π™π‘¥¢Õß´—∫ ‡μ√μ
‡ªìπ butyrylthiocholine iodide (BuCTI) ·≈–„™â‡Õπ‰´¡å BuChE ®“°´’√—¡¢Õß¡â“

 ”À√—∫°“√À“§à“ IC
50
 „π°“√¬—∫¬—Èß‡Õπ‰´¡å AChE ·≈– BuChE ∑”°“√»÷°…“‚¥¬‡μ√’¬¡

 “√≈–≈“¬μ—«Õ¬à“ß®”π«π 8 §«“¡‡¢â¡¢âπ (μ—Èß·μà 1500 μM - 0.06 μM) ®“°π—Èπ π”‰ª«—¥ % inhibition
μ“¡«‘∏’∑’Ë‰¥â°≈à“«¡“·≈â« π”º≈∑’Ë‰¥â¡“ √â“ß°√“ø· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß % inhibition °—∫ -log
(§«“¡‡¢â¡¢âπ¢Õß “√∑’Ëπ”¡“∑¥ Õ∫) ·≈–À“§«“¡‡¢â¡¢âπ¢Õß “√∑’Ë„™â„π°“√¬—∫¬—Èß‡Õπ‰´¡å‰¥â 50% (IC

50
)

‚¥¬„™â‚ª√·°√¡ Prism

§à“ selectivity ¢Õß “√μàÕ‡Õπ‰´¡åÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√  §”π«≥‰¥â®“° ¡°“√μàÕ‰ªπ’È

Selectivity for AChE  = IC
50
 (BuChE)

IC
50
 (AChE)
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º≈·≈–«‘®“√≥åº≈°“√∑¥≈Õß

°“√ —ß‡§√“–ÀåÕπÿæ—π∏å isoindoline-1,3-dione ¢Õß 1-benzylpiperazine

Õπÿæ—π∏å isoindoline-1,3-dione ¢Õß 1-benzylpiperazine ®”π«π 6 ™π‘¥ ∂Ÿ° —ß‡§√“–Àå¢÷Èπ
®“°ªØ‘°‘√‘¬“ 2 ¢—ÈπμÕπ °“√ —ß‡§√“–Àå “√À¡“¬‡≈¢ 4 - 6 ‰¥â %yield  Ÿß°«à“ 95% ‡™àπ‡¥’¬«°—∫ß“π
«‘®—¬Õâ“ßÕ‘ß (Lim et al, 2008) °“√ —ß‡§√“–Àå “√À¡“¬‡≈¢ 7 - 12 ‰¥â %yield ¢Õßº≈‘μ¿—≥±å 50 - 96%
‡™àπ‡¥’¬«°—∫ß“π«‘®—¬Õâ“ßÕ‘ß (Haydar et al, 2009) °“√æ‘ Ÿ®πå‚§√ß √â“ß¥â«¬‡∑§π‘§ IR, 1H-NMR ·≈–
13C-NMR spectroscopy ·≈–°“√¬◊π¬—ππÈ”Àπ—°‚¡‡≈°ÿ≈¥â«¬ mass spectrometry æ∫«à“  “√∑’Ë
 —ß‡§√“–Àå‰¥â‡ªìπ “√∑’ËμâÕß°“√ ‚¥¬¡’√“¬≈–‡Õ’¬¥≈—°…≥–¢Õß “√∑’Ë —ß‡§√“–Àå‰¥â ®ÿ¥À≈Õ¡‡À≈« ·≈–
¢âÕ¡Ÿ≈°“√æ‘ Ÿ®πå‚§√ß √â“ß· ¥ß¥—ßμàÕ‰ªπ’È

1-Benzylpiperazine ( “√À¡“¬‡≈¢ 4)
¢Õß·¢Áß ’‡À≈◊Õß ®ÿ¥À≈Õ¡‡À≈« 148-150 ÌC; %yield 95.54; IR (cm-1, KBr); 3445 (N-H

stretching, amine), 2948 (C-H stretching, aliphatic), 1449 (C=C stretching, aromatic), 1198
(C-N stretching, aliphatic amine), 731, 701 (C-H bending, aromatic); 1H NMR (500 MHz,
CDCl

3
): δ7.29 (5H, m, H-aromatic), 3.50 (2H, s, CH

2
-1'), 2.59-2.38 (8H, m, H

2
-2, 3, 5, 6), 2.12

(1H, s, broad, NH).

1-(3-Methylbenzyl)piperazine ( “√À¡“¬‡≈¢ 5)
¢Õß·¢Áß ’‡À≈◊ÕßÕàÕπ ®ÿ¥À≈Õ¡‡À≈« 122-124 ÌC; %yield 99.23; IR (cm-1, KBr); 3429

(N-H stretching, amine), 2935 (C-H stretching, aliphatic), 1452 (C=C stretching, aromatic),
1137 (C-N stretching, aliphatic amine), 744, 701 (C-H bending, aromatic); 1H NMR (500 MHz,
CDCl

3
): δ7.10 (4H, m, H-2', 4', 5', 6'), 3.41 (2H, s, CH

2
-1'), 2.84 (4H, t, J=5.1, H

2
-2, 6), 2.37

(4H, m, H
2
-3, 5), 2.30 (3H, s, CH

3
-3'), 2.13 (1H, s, NH)

1-(3-Nitrobenzyl)piperazine ( “√À¡“¬‡≈¢ 6)
¢Õß·¢Áß ’‡¢’¬«ÕàÕπ ®ÿ¥À≈Õ¡‡À≈« 148-150 ÌC; %yield 98.25; IR (cm-1, KBr); 3417

(N-H stretching, amine), 2918 (C-H stretching, aliphatic), 1412 (C=C stretching, aromatic),
1145 (C-N stretching, aliphatic amine), 733, 676 (C-H bending, aromatic); 1H NMR (500 MHz,
CDCl

3
): δ8.15 (1H, s, H-2'), 8.10 (1H, d, J=8.1, H-4'), 7.76 (1H, d, J=7.6, H-6'), 7.62 (1H, dd,

J=7.9, 7.8, H-5'), 3.62 (2H, s, CH
2
-1'), 2.91 (4H, m, H

2
-2, 6), 2.50 (4H, m, H

2
-3, 7), 2.36 (1H, s,

broad, NH)
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2-(2-(4-Benzylpiperazin-1-yl)ethyl)isoindoline-1,3-dione ( “√À¡“¬‡≈¢ 7)
¢Õß·¢Áß ’‡À≈◊Õß ®ÿ¥À≈Õ¡‡À≈« 81-83 ÌC; %yield 50.33; IR (cm-1, KBr); 1771 (C=O stretching,

amide), 1711 (C=O stretching, imide), 1438 (C=C stretching, aromatic), 1159 (C-N stretching,
aliphatic amine), 719, 698 (C-H bending, aromatic); 1H NMR (500 MHz, CDCl

3
): δ7.80 (2H, dd,

J=5.4, 3.0, H-4''', 7''', 7.69 (2H, dd, J=5.5, 3.0, H-5''', 6'''), 7.33-7.17 (5H, m, H-aromatic), 3.78
(2H, t, J=6.7, H

2
-1''), 3.49, 3.44 (2H, 2s, CH

2
-1'), 2.60 (2H, t, J=6.7, H

2
-2''), 2.58-2.27 (8H, m,

H
2
-2, 3, 5, 6); 13C NMR (125 MHz, CDCl

3
): δ168.31 (C-2''', 9'''), 138.10 (C-1'), 133.80 (C-4''',

7''' 132.17 (C-3''', 8'''), 129.19 (C-3', 5'), 128.13 (C-2', 6'), 126.95 (C-4'), 123.14 (C-5''', 6'''),
63.00 (CH

2
C-1'), 55.68 (C-1''), 53.04, 53.02 (C-piperazine), 35.28 (C-2''); EI-MS m/z: 349[M]+,

189, 173, 146, 91, 77; HR-MS m/z 349.1784 (calcd for C
21
H

23
O

2
N

3
, 349.1785).

2-(2-(4-(3-Methylbenzyl)piperazin-1-yl)ethyl)isoindoline-1,3-dione ( “√À¡“¬‡≈¢ 8)
¢Õß·¢Áß ’‡À≈◊Õß ®ÿ¥À≈Õ¡‡À≈« 82-83 ÌC; %yield 85.75; IR (cm-1, KBr); 1771 (C=O stretching,

amide), 1711 (C=O stretching, imide), 1439 (C=C stretching, aromatic), 1161 (C-N stretching,
aliphatic amine), 719, 696 (C-H bending, aromatic); 1H NMR (500 MHz, CDCl

3
): δ7.81 (2H, dd,

J=5.4, 3.1, H-4''', 7'''), 7.69 (2H, dd, J=5.4, 3.1, H-5''', 6'''), 7.16 (1H, dd, J=7.5, 7.5, H-5'), 7.09
(1H, s, H-2'), 7.06 (1H, d, J=7.6, H-4'), 7.03 (1H, d, J=7.5, H-6'), 3.79 (2H, t, J=6.7, H

2
-1''), 3.41

(2H, s, CH
2
-1'), 2.61 (2H, t, J=6.7, H

2
-2''), 2.58-2.35 (8H, s, H

2
-2, 3, 5, 6), 2.30 (3H, s, CH

3
-3');

13C NMR (125 MHz, CDCl
3
): δ168.32 (C-2''', 9'''), 137.97 (C-1'), 137.74 (C-3'), 133.80 (C-4''',

7'''), 132.19 (C-3''', 8'''), 129. 94 (C-2'), 128.01 (C-4'), 127.71 (C-5'), 126.32 (C-6'), 123.15
(C-5''', 6'''), 63.05 (CH

2
C-1'), 55.69 (C-1''), 53.10, 53.00 (C-piperazine), 35.30 (C-2''), 21.35

(CH
3
C-3'); EI-MS m/z: 363[M]+, 203, 174, 160, 105, 78; HR-MS m/z 363.1943 (calcd for

C
22
H

25
O

2
N

3
, 363.1941)

2-(2-(4-(3-Nitrobenzyl)piperazin-1-yl)ethyl)isoindoline-1,3-dione ( “√À¡“¬‡≈¢ 9)
¢Õß·¢Áß ’‡¢’¬«ÕàÕπ ®ÿ¥À≈Õ¡‡À≈« 87-89 ÌC; %yield 73.75; IR (cm-1, KBr); 1769 (C=O

stretching, amide), 1710 (C=O stretching, imide), 1436 (C=C stretching, aromatic), 1159 (C-N
stretching, aliphatic amine), 718, 686 (C-H bending, aromatic); 1H NMR (500 MHz, CDCl

3
):

δ8.11 (1H, s, H-2'), 8.04 (1H, d, J=9, H-4'), 7.76 (2H, dd, J=5.5, 3.0, H-4''', 7'''), 7.65 (2H, dd,
J=5.4, 3.0, H-5''', 6'''), 7.59 (1H, d, J=7.5, H-6'), 7.40 (1H, dd, J=7.9, 7.8, H-5'), 3.74 (2H, t, J=6.6,
H

2
-1''), 3.48 (2H, s, CH

2
-1'), 2.58 (2H, t, J=6.6, H

2
-2''), 2.53-2.30 (8H, m, H

2
-2, 3, 5, 6); 13C NMR

(125 MHz, CDCl
3
): δ168.33 (C-2''', 9'''),148.30 (C-3'), 140.77 (C-1'), 135.00 (C-5'), 133.80

(C-4''', 7'''), 132.16 (C-3''', 8'''), 129.07 (C-6'), 123.72 (C-4'), 123.16 (C-5''', 6'''), 122.13 (C-2'),
61.95 (CH

2
C-1'), 55.63 (C-1''), 53.06, 52.92 (C-piperazine), 35.26 (C-2''); EI-MS m/z: 394[M]+,

235, 191, 136; HR-MS m/z 394.1634 (calcd for C
21
H

22
O

4
N

4
, 394.1636)
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2-(3-(4-Benzylpiperazin-1-yl)propyl)isoindoline-1,3-dione ( “√À¡“¬‡≈¢ 10)
¢Õß·¢Áß ’‡À≈◊Õß ®ÿ¥À≈Õ¡‡À≈« 80-81 ÌC; %yield 73.98; IR (cm-1, KBr); 1767 (C=O stretching,

amide), 1709 (C=O stretching, imide), 1455 (C=C stretching, aromatic), 1160 (C-N stretching,
aliphatic amine), 725, 693 (C-H bending, aromatic); 1H NMR (500 MHz, CDCl

3
): δ7.79 (2H, dd,

J=5.4, 3.0, H-4''', 7'''), 7.68 (2H, dd, J=5.4, 3.0, H-5''', 6'''), 7.30-7.15 (5H, m, H-aromatic), 3.71
(2H, t, J=7.0, H

2
-1''), 3.36 (2H, s, CH

2
-1'), 2.50-2.15 (8H, m, H

2
-2, 3, 5, 6), 2.38 (2H, t, J=7.0,

H
2
-3''), 1.82 (2H, quin, J=6.9, H

2
-2''); 13C NMR (125 MHz, CDCl

3
): δ168.46 (C-2''', 9'''), 137.99

(C-1'), 133.76 (C-4''', 7'''), 132.29 (C-3''', 8'''), 129.18 (C-3', 5'), 128.13 (C-2', 6'), 126.97 (C-4'),
123.12 (C-5''', 6'''), 63.02 (CH

2
C-1'), 55.99 (C-1''), 53.05, 52.92 (C-piperazine), 36.63 (C-3''),

25.27 (C-2''); EI-MS m/z: 363[M]+, 272, 217, 190, 160, 105, 91; HR-MS m/z 363.1941 (calcd for
C

22
H

25
O

2
N

3
, 363.1941).

2-(3-(4-(3-Methylbenzyl)piperazin-1-yl)propyl)isoindoline-1,3-dione ( “√À¡“¬‡≈¢ 11)
¢Õß·¢Áß ’‡À≈◊ÕßÕàÕπ ®ÿ¥À≈Õ¡‡À≈« 79-80 ÌC; %yield 96.22; IR (cm-1, KBr); 1770 (C=O

stretching, amide), 1710 (C=O stretching, imide), 1445 (C=C stretching, aromatic), 1153 (C-N
stretching, aliphatic amine), 717, 697 (C-H bending, aromatic); 1H NMR (500 MHz, CDCl

3
):

δ7.83 (2H, dd, J=5.4, 3.0, H-4''', 7'''), 7.70, (2H, dd, J=5.4, 3.0, H-5''', 6'''), 7.17 (1H, dd, J=7.5, 7.5,
H-5'), 7.07 (1H, s, H-2'), 7.05 (1H, d, J=2.0, H-4'), 7.03 (1H, d, J=2.0, H-6'), 3.75 (2H, t, J=7.0
, H

2
-1''), 3.35 (2H, s, CH

2
-1'), 2.41 (2H, t, J=7.0, H

2
-3''), 2.32 (11H, s, H

2
-2, 3, 5, 6, 3'), 1.85 (2H,

quin, J=6.9, H
2
-2'') ; 13C NMR (125 MHz, CDCl

3
): δ168.44 (C-2''', 9'''), 137.79 (C-1'), 137.71

(C-3'), 133.75 (C-4''', 7'''), 132.28 (C-3''', 8'''), 129. 98 (C-2'), 128.05 (C-4'), 127.92 (C-5'),
126.37 (C-6'), 123.10 (C-5''', 6'''), 63.03 (CH

2
C-1'), 55.97 (C-1''), 53.10, 52.93 (C-piperazine),

36.61 (C-3''), 25.24 (C-2''), 21.37 (CH
3
C-3') ); EI-MS m/z: 377[M]+, 231, 217, 203, 160, 105;

HR-MS m/z 377.2098 (calcd for C
23
H

27
O

2
N

3
, 377.2098).

2-(3-(4-(3-Nitrobenzyl)piperazin-1-yl)propyl)isoindoline-1,3-dione ( “√À¡“¬‡≈¢ 12)
¢Õß·¢Áß ’‡¢’¬«ÕàÕπ ®ÿ¥À≈Õ¡‡À≈« 78-79 ÌC; %yield 82.59; IR (cm-1, KBr); 1769 (C=O

stretching, amide), 1708 (C=O stretching, imide), 1527 (C=C stretching, aromatic), 1154 (C-N
stretching, aliphatic amine), 719, 675 (C-H bending, aromatic); 1H NMR (500 MHz, CDCl

3
):

δ8.14 (1H, s, H-2'), 8.10 (1H, d, J=9.6, H-4'), 7.83 (2H, dd, J=5.4, 3.0, H-4''', 7'''), 7.72 (2H, dd,
J=5.4, 3.0, H-5''', 6'''), 7.61 (1H, d, J=7.6, H-6'), 7.46 (1H, dd, J=7.8, H-5'), 3.75 (2H, t, J=7.0,
H

2
-1''), 3.47 (2H, s, CH

2
-1'), 2.60-2.20 (8H, m, H

2
-2, 3, 5, 6), 2.42 (2H, t, J=7.0, H

2
-3''), 1.85

(2H, quin, J=6.9, H
2
-2'');  13C NMR (125 MHz, CDCl

3
): δ168.47 (C-2''', 9'''),148.29 (C-3'), 140.67

(C-1'), 134.99 (C-5'), 133.79 (C-4''', 7'''), 132.31 (C-3''', 8'''), 129.07 (C-6'), 123.70 (C-4'), 123.14
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(C-5''', 6'''), 122.13 (C-2'), 61.98 (CH
2
C-1'), 55.95 (C-1''), 52.97, 52.94 (C-piperazine), 35. 36

(C-3''), 25.23 (C-2''); EI-MS m/z: 408[M]+, 363, 234, 217, 188, 160, 136, 123; HR-MS m/z
408.1796 (calcd for C

22
H

24
O

2
N

4
, 408.1792).

°“√∑¥ Õ∫ƒ∑∏‘Ï¬—∫¬—Èß‡Õπ‰´¡åÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√ ·≈–∫‘«‰∑√‘≈‚§≈’π‡Õ ‡∑Õ‡√ 

°“√∑¥ Õ∫ƒ∑∏‘Ï¬—∫¬—Èß‡Õπ‰´¡åÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√ ·≈–∫‘«‰∑√‘≈‚§≈’π‡Õ ‡∑Õ‡√ ¢Õß “√
À¡“¬‡≈¢ 7 - 12 ‡√‘Ë¡®“°°“√∑¥ Õ∫‡æ◊ËÕ§—¥°√Õß “√∑’Ë¡’ƒ∑∏‘Ï¬—∫¬—Èß‡Õπ‰´¡å‚¥¬°“√À“§à“‡ªÕ√å‡´Áπμå
°“√¬—∫¬—Èß‡Õπ‰´¡å (% inhibition) ¥â«¬«‘∏’¢Õß Ellman ∑’Ë§«“¡‡¢â¡¢âπ¢Õß “√μ—«Õ¬à“ß 100 μM ‚¥¬„™â
donepezil ·≈– tacrine ‡ªìπ “√Õâ“ßÕ‘ß æ∫«à“ Õπÿæ—π∏å∑—Èß 6 ™π‘¥ “¡“√∂¬—∫¬—Èß‡Õπ‰´¡å∑—Èß Õß‰¥â‚¥¬¡’
§à“ %inhibition  Ÿß°«à“ 60% (¿“æ∑’Ë 4)

¿“æ∑’Ë 4  °√“ø· ¥ß % inhibition „π°“√¬—∫¬—Èß‡Õπ‰´¡åÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√  (AChE)
·≈–∫‘«‰∑√‘≈‚§≈’π‡Õ ‡∑Õ‡√  (BuChE) ¢Õß “√À¡“¬‡≈¢ 7 - 12
∑’Ë§«“¡‡¢â¡¢âπ 100 μM
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μ“√“ß∑’Ë 2 · ¥ßƒ∑∏‘Ï°“√¬—∫¬—ÈßÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑‡√ ·≈–∫‘«‰∑√‘≈‚§≈’π‡Õ ‡∑Õ‡√ ¢Õß “√
À¡“¬‡≈¢ 7 - 12

compound R n
IC

50
 (μμμμμM) Selectivity

AChEa BuChEb for AChEc

7 H 2 18.21 ± 4.97 3.27 ± 0.36 0.18

8 CH
3

2 12.90 ± 1.44 11.89 ± 3.27 0.92

9 NO
2

2 13.27 ± 1.51 34.19 ± 2.59 2.58

10 H 3 28.02 ± 3.47 101.58 ± 4.51 3.63

11 CH
3

3 9.83 ± 0.52 65.45 ± 0.56 6.66

12 NO
2

3 30.74 ± 5.69 91.02 ± 9.96 2.96

donepezil 0.02 ± 0.005 2.32 ± 0.511 116

tacrine 0.10 ± 0.008 0.01 ± 0.003 0.10

a 50% inhibitory concentration (means ± SEM of three experiments) of AChE from Electricus erythmatosus
b 50% inhibitory concentration (means ± SEM of three experiments) of BuChE from equine serum
c Selectivity for AChE = IC

50
 (BuChE) / IC

50
 (AChE)

‡¡◊ËÕ∑”°“√ª√–‡¡‘πƒ∑∏‘Ï°“√¬—∫¬—Èß‡Õπ‰´¡åÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√ ‡∑’¬∫°—∫ “√Õâ“ßÕ‘ß§◊Õ
donepezil ·≈– tacrine æ∫«à“ Õπÿæ—π∏å isoindoline-1,3-dione ¢Õß 1-benzylpiperazine · ¥ßƒ∑∏‘Ï
„π√–¥—∫ª“π°≈“ß (μ“√“ß∑’Ë 2) ‚¥¬ “√∑’Ë¡’ƒ∑∏‘Ï·√ß∑’Ë ÿ¥„π°≈ÿà¡π’È ‰¥â·°à  “√À¡“¬‡≈¢ 11 ´÷Ëß¡’§à“ IC

50

‡∑à“°—∫ 9.83 ± 0.52 μM
 “√À¡“¬‡≈¢ 7 - 9 · ¥ßƒ∑∏‘Ï¬—∫¬—Èß‡Õπ‰´¡å∫‘«‰∑√‘≈‚§≈’π‡Õ ‡∑Õ‡√ „π√–¥—∫ª“π°≈“ß

„π¢≥–∑’Ë “√À¡“¬‡≈¢ 10 - 12 ¡’ƒ∑∏‘ÏμË”„π°“√¬—∫¬—Èß∫‘«‰∑√‘≈‚§≈’π‡Õ ‡∑Õ‡√   “√∑’Ë¡’ƒ∑∏‘Ï¬—∫¬—Èß∫‘«‰∑√‘≈
‚§≈’π‡Õ ‡∑Õ‡√ ∑’Ë·√ß∑’Ë ÿ¥ ‰¥â·°à  “√À¡“¬‡≈¢ 7 ‚¥¬¡’§à“ IC

50
 ‡∑à“°—∫ 3.27 ± 0.36 μM
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§«“¡®”‡æ“–‡®“–®ß„π°“√¬—∫¬—Èß‡Õπ‰´¡åÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√ · ¥ß¥â«¬Õ—μ√“ à«π¢Õß§à“ IC
50

„π°“√¬—∫¬—Èß‡Õπ‰´¡å∫‘«‰∑√‘≈‚§≈’π‡Õ ‡∑Õ‡√ μàÕ§à“ IC
50
 „π°“√¬—∫¬—Èß‡Õπ‰´¡åÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√ 

À“°¡’§à“ Ÿß· ¥ß«à“ “√π—Èπ¡’§«“¡®”‡æ“–„π°“√¬—∫¬—ÈßÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√  ®“°º≈°“√∑¥ Õ∫‚¥¬„™â
donepezil ́ ÷Ëß‡ªìπ “√¬—∫¬—Èß‡Õπ‰´¡åÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√ ∑’Ë¡’§«“¡®”‡æ“–‡®“–®ß Ÿß (§à“ selectivity
‡∑à“°—∫ 116) ·≈– tacrine ́ ÷Ëß‡ªìπ “√¬—∫¬—ÈßÕ–‡´μ‘≈‚§≈’π∑’Ë¡’§«“¡®”‡æ“–‡®“–®ßμË” (§à“ selectivity ‡∑à“°—∫
0.10) ‡ªìπ “√Õâ“ßÕ‘ß æ∫«à“ Õπÿæ—π∏å isoindoline-1,3-dione ¢Õß 1-benzylpiperazine · ¥ß§«“¡
®”‡æ–‡®“–®ßμË”°«à“ donepezil ·μà Ÿß°«à“ tacrine ‚¥¬æ∫«à“  “√À¡“¬‡≈¢ 11 · ¥ß§«“¡®”‡æ“–
‡®“–®ßμàÕÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√  Ÿß°«à“Õπÿæ—π∏å isoindoline-1,3-dione ¢Õß 1-benzylpiperazine ™π‘¥
Õ◊ËπÊ ·≈– Ÿß°«à“ tacrine Õ¬Ÿà 66.6 ‡∑à“ Õ¬à“ß‰√°Á¥’  “√π’È°Á¬—ß¡’§«“¡®”‡æ“–‡®“–®ßμàÕÕ–‡´μ‘≈
‚§≈’π‡Õ ‡∑Õ‡√ μË”°«à“ donepezil Õ¬Ÿà 17.4 ‡∑à“ πÕ°®“°π’È μ“√“ß∑’Ë 2 ¬—ß· ¥ß„Àâ‡ÀÁπ«à“ Õπÿæ—π∏å∑’Ë
‡™◊ËÕ¡μàÕ√–À«à“ß‚§√ß √â“ß à«π isoindoline-1,3-dione °—∫ piperazine ¥â«¬ “¬‚ à́‚æ√æ‘≈≈’π (n = 3,
 “√À¡“¬‡≈¢ 10 - 12) ¡’·π«‚πâ¡∑’Ë¡’§«“¡®”‡æ“–‡®“–®ß„π°“√¬—∫¬—ÈßÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√  Ÿß°«à“
 “√À¡“¬‡≈¢ 7 - 9 ´÷Ëß¡’°“√‡™◊ËÕ¡μàÕ¥â«¬ “¬‚ à́‡Õ∏‘≈’π (n=2)

°“√∑’Ë donepezil ¡’§«“¡®”‡æ“–‡®“–®ß ŸßμàÕÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√ ‡π◊ËÕß¡“®“°‚§√ß √â“ß
„π à«π«ß·À«π indanone ™à«¬„π°“√®—∫„π à«π¢Õß PAS „π à«π∫π¢Õßμ”·ÀπàßÕÕ°ƒ∑∏‘Ï¢ÕßÕ–‡´μ‘≈
‚§≈’π‡Õ ‡∑Õ‡√  ÷́Ëßª√–°Õ∫¥â«¬°√¥Õ–¡‘‚π∑’Ë¡’‚´à¢â“ß (side chain) ‡ªìπ aromatic‡ªìπ®”π«π¡“°
´÷Ëß·μ°μà“ß®“°„π‚§√ß √â“ß à«π PAS ¢Õß‡Õπ‰´¡å∫‘«‰∑√‘≈‚§≈’π‡Õ ‡∑Õ‡√  (Piazzi et al, 2003)
°“√∑’Ë “√À¡“¬‡≈¢ 10 - 12 ¡’À¡Ÿà‡™◊ËÕ¡μàÕ∑’Ëª√–°Õ∫¥â«¬ 3 §“√å∫ÕπÕ–μÕ¡ Õ“®∑”„Àâ«ß·À«πÕ–‚√¡“μ‘°
„π à«π isoindoline-1,3-dione ‡¢â“„°≈âμ”·Àπàß¢Õß PAS ¡“°°«à“‡¡◊ËÕÀ¡Ÿà‡™◊ËÕ¡μàÕ¡’§«“¡¬“«‡æ’¬ß
2 §“√å∫ÕπÕ–μÕ¡ ∑”„Àâ “√‡À≈à“π’È· ¥ß§«“¡®”‡æ“–μàÕÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√  Ÿß°«à“ “√À¡“¬‡≈¢
7 - 9 ·≈– tacrine ÷́Ëß‡°‘¥Õ—πμ√°‘√‘¬“°—∫°√¥Õ–¡‘‚π¢ÕßÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√ ‡©æ“–„π à«π CAS
‡∑à“π—Èπ (Dvir et al, 2002)

¥—ßπ—Èπ  “√À¡“¬‡≈¢ 10 - 12 ®÷ß¡’§«“¡πà“ π„®∑’Ë®–π”¡“„™â‡ªìπ “√μâπ·∫∫ ”À√—∫°“√
ÕÕ°·∫∫·≈– —ß‡§√“–ÀåÕπÿæ—π∏å∑’Ë¡’§«“¡¬“«¢Õß “¬‚ à́¡“°¢÷Èπ À√◊Õ¡’°“√‡ª≈’Ë¬π·ª≈ßÀ¡Ÿà·∑π∑’Ë∫π
isoindoline-1,3-dione ‡æ◊ËÕπ”¡“»÷°…“º≈μàÕ°“√¬—∫¬—Èß‡Õπ‰´¡åÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√ ·≈–∫‘«‰∑√‘≈
‚§≈’π‡Õ ‡∑Õ‡√ μàÕ‰ª

 √ÿªº≈°“√∑¥≈Õß·≈–¢âÕ‡ πÕ·π–

ß“π«‘®—¬π’È‡ªìπ°“√ —ß‡§√“–Àå·≈–»÷°…“ƒ∑∏‘Ï¬—∫¬—Èß‡Õπ‰´¡åÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√ ¢ÕßÕπÿæ—π∏å
isoindoline-1,3-dione ¢Õß 1-benzylpiperazine ®”π«π 6 ™π‘¥ ®“°°“√∑¥ Õ∫æ∫«à“ Õπÿæ—π∏å
‡À≈à“π’È· ¥ßƒ∑∏‘Ïª“π°≈“ß„π°“√¬—∫¬—Èß‡Õπ‰´¡åÕ–‡´μ‘≈‚§≈’π‡Õ ‡∑Õ‡√  πÕ°®“°π’È §«“¡¬“«¢Õß
 “¬‚´à§“√å∫Õπ∑’Ë‡™◊ËÕ¡μàÕ√–À«à“ß«ß·À«π isoindoline ·≈– piperazine ¡’º≈μàÕ§«“¡®”‡æ“–„π°“√
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