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∫∑§—¥¬àÕ

‡´π‡´Õ√å‰ÕÕÕπ≈∫µ—«„À¡à§◊Õ 1,3-bis[(p-trifluoromethylphenylsulfonamido)methyl]benzene
(1) ∑’Ë¡’Àπà«¬µ√«®®—∫‰ÕÕÕπ≈∫‡ªìπÀ¡Ÿà´—≈‚øπ“‰¡¥å ·≈–¡’À¡Ÿàæ“√“-‰µ√ø≈ŸÕÕ‚√‡¡∑∏‘≈‡∫π ’́π‡ªìπÀπà«¬
„Àâ —≠≠“≥∑“ß· ß  “¡“√∂ —ß‡§√“–Àå‰¥âßà“¬ ·≈–¡’√âÕ¬≈–º≈º≈‘µ Ÿß ·≈–∑”°“√æ‘ Ÿ®πå‚§√ß √â“ß¢Õß≈‘·°π¥å 1
∑’Ë —ß‡§√“–Àå‰¥â‚¥¬„™â‡∑§π‘§ IR 1H NMR 13C NMR ·≈– Mass spectrometry „π°“√»÷°…“°“√‡°‘¥
 “√ª√–°Õ∫‡™‘ß´âÕπ°—∫‰ÕÕÕπ≈∫™π‘¥µà“ßÊ ‰¥â·°à F› Cl› I› H2PO4

› ·≈– CH3COO› ‚¥¬„™â‡∑§π‘§
¬Ÿ«’«‘´‘‡∫‘≈ ‡ª°‚∑√‚ø‚µ‡¡∑√’„πµ—«∑”≈–≈“¬‰¥‡¡∑∏‘≈´—≈øÕ°‰´¥åæ∫«à“ ≈‘·°π¥å 1  “¡“√∂‡≈◊Õ°®—∫Õ¬à“ß
®”‡æ“–‡®“–®ß°—∫ø≈ŸÕÕ‰√¥å (F› >> CH3COO› H2PO4

› Cl› ·≈– I›) ·≈– ‡ª§µ√—¡°“√¥Ÿ¥°≈◊π· ß¡’
°“√‡°‘¥æ’§„À¡à∑’Ë™—¥‡®π∑’Ë§«“¡¬“«§≈◊Ëπ 295.5 π“‚π‡¡µ√ ‚¥¬¡’Õ—µ√“ à«π°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ
√–À«à“ß≈‘·°π¥å 1 °—∫ø≈ŸÕÕ‰√¥å‡∑à“°—∫ 1:2 ‡¡◊ËÕ»÷°…“°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ‚¥¬°“√‰∑‡∑√µ¥â«¬
‡∑§π‘§¬Ÿ«’«‘´‘‡∫‘≈ ‡ª°‚∑√‚ø‚µ‡¡∑√’æ∫«à“§à“§ß∑’Ë°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ¢Õß≈‘·°π¥å 1 °—∫ø≈ŸÕÕ‰√¥å
¡’§à“‡∑à“°—∫ (1.10 ± 0.07) Ó 107 M›2 ·≈–°“√»÷°…“°“√®—∫‰ÕÕÕπ≈∫‚¥¬„™â°“√‰∑‡∑√µ¥â«¬‡∑§π‘§
‚ª√µÕππ‘«‡§≈’¬√å·¡°‡πµ‘°‡√‚´·ππ ǻæ∫«à“ ≈‘·°π¥å 1  “¡“√∂®—∫°—∫ø≈ŸÕÕ‰√¥å‰¥â¥’ ∑”„Àâ‚ª√µÕπ¢Õß
À¡Ÿà´—≈‚øπ“‰¡¥å‡°‘¥°“√ deprotonation ¡’º≈‡Àπ’Ë¬«π”„Àâ‚ª√µÕπ¢Õß«ßÕ–‚√¡“µ‘°‡°‘¥ upfield shift

§” ”§—≠: ø≈ŸÕÕ‰√¥å µ—«µ√«®®—∫∑“ß‡§¡’ µ—«µ√«®®—∫‰ÕÕÕπ≈∫ æ—π∏–‰Œ‚¥√‡®π —́≈‚øπ“‰¡¥å
1¿“§«‘™“‡§¡’ §≥–«‘∑¬“»“ µ√å ¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤
2¿“§«‘™“øî ‘° å §≥–«‘∑¬“»“ µ√å ¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤
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Synthesis of Bissulfonamide Derivative for
Fluoride Sensor

Phitchaya Muensri1, Pan Tongraung1, Ratchanok Pingaew1,
Kem Pumsa-ard2 and Piyada Jittangprasert1*

ABSTRACT

A new anion sensor, 1,3-bis[(p-trifluoromethylphenylsulfonamido)methyl]benzene (1),
bearing sulfonamide group as binding unit and p-trifluoromethylbenzene group as signaling unit
was readily synthesized in high percentage yield. The structure of the ligand 1 was characterized
by IR, 1H NMR, 13C NMR and Mass spectrometry. The complexation with various anions
including F›, Cl›, I›, H2PO4

› and CH3COO› was studied by UV-visible spectrophotometry in
dimethyl sulfoxide solution. The results indicated that the ligand 1 has high selectivity for
fluoride over other anions (F› >> CH3COO›, H2PO4

›, Cl› and I›). Moreover, the absorption
spectrum obviously changed with appearance of a new band at 295.5 nm. The stoichiometry of
complex between the ligand 1 and fluoride was 1:2. The binding constant of the complex by
fitting the UV-visible titration data was (1.10 ± 0.07) Ó 107 M›2. The interaction of the ligand 1
with F› was also studied by 1H NMR titration experiments. The results showed the deprotonation
of sulfonamide protons which induced upfield shifts of aromatic protons.

Keywords: fluoride, chemosensor, anion sensor, hydrogen bonding, sulfonamide
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∫∑π”
‰ÕÕÕπ≈∫¡’∫∑∫“∑·≈–¡’§«“¡ ”§—≠µàÕ ‘Ëß¡’™’«‘µ∑—Èß∑“ß¥â“π™’««‘∑¬“ ¥â“π¬“√—°…“‚√§ ·≈–

¥â“π ‘Ëß·«¥≈âÕ¡ ‚¥¬æ∫«à“„π√à“ß°“¬¡πÿ…¬åπ—Èπ‰ÕÕÕπ≈∫¡’∫∑∫“∑µàÕÕ«—¬«–À≈“¬ à«π ‡™àπ ‰µ °√–¥Ÿ° µ—∫
·≈–√–∫∫ª√– “∑ à«π°≈“ß ‡ªìπµâπ [1] ´÷Ëß·À≈àß°”‡π‘¥‰ÕÕÕπ≈∫π—Èπ à«π„À≠à¡“®“°°“√„™â “√‡§¡’∑—Èß„π
¿“§‡°…µ√°√√¡·≈–Õÿµ “À°√√¡ ·≈–‡¡◊ËÕª≈¥ª≈àÕ¬¢Õß‡ ’¬‡À≈à“π—ÈπÕÕ°¡“ Ÿà ‘Ëß·«¥≈âÕ¡Õ“®°àÕ„Àâ‡°‘¥
Õ—πµ√“¬µàÕ¡πÿ…¬å  —µ«å ·≈– ‘Ëß·«¥≈âÕ¡‰¥â

®“°°“√∑’Ë‰ÕÕÕπ≈∫¡’∫∑∫“∑ ”§—≠µàÕ ‘Ëß¡’™’«‘µ·≈– ‘Ëß·«¥≈âÕ¡ ¥—ßπ—Èπ °“√»÷°…“·≈–«‘®—¬‡°’Ë¬«
°—∫°“√ÕÕ°·∫∫‚¡‡≈°ÿ≈‡æ◊ËÕ„™â„π°“√µ√«®«—¥‰ÕÕÕπ≈∫®÷ß‡ªìπ ‘Ëß ”§—≠ ‚¥¬‡∑§π‘§µ—«µ√«®®—∫∑“ß‡§¡’
(chemosensor) ‡ªìπ‡∑§π‘§∑’Ë‡°’Ë¬«¢âÕß°—∫°“√ÕÕ°·∫∫‚Œ µå‚¡‡≈°ÿ≈ (host molecule) ∑’Ë„™â„π°“√µ√«®
®—∫‡° µå‚¡‡≈°ÿ≈ (guest molecule) ‚¥¬§ÿ≥ ¡∫—µ‘¢Õß‚Œ µå‚¡‡≈°ÿ≈®–µâÕß¡’§«“¡®”‡æ“–‡®“–®ß°—∫‡° µå
‚¡‡≈°ÿ≈ Ÿß ·≈– “¡“√∂„Àâ —≠≠“≥°“√µ√«®«—¥∑“ß‰øøÑ“À√◊Õ —≠≠“≥∑“ß· ß ‡™àπ °“√¥Ÿ¥°≈◊π· ß
°“√«“«· ß ·≈–°“√‡ª≈àß· ß∑“ß‡§¡’ ‡ªìπµâπ πÕ°®“°π’È °“√ÕÕ°·∫∫‚Œ µå‚¡‡≈°ÿ≈µâÕß¡’°“√§”π÷ß∂÷ß‡√◊ËÕß
¢π“¥·≈–√Ÿª√à“ß¢Õß‰ÕÕÕπ≈∫¥â«¬ [2-3] ´÷Ëß®“°ß“π«‘®—¬∑’Ëºà“π¡“æ∫«à“‚¡‡≈°ÿ≈∑’Ë “¡“√∂®—∫°—∫‰ÕÕÕπ≈∫
‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æπ—Èπ à«π„À≠à‡ªìπ‚¡‡≈°ÿ≈∑’Ë¡’À¡Ÿà∑’Ë “¡“√∂‡°‘¥æ—π∏–‰Œ‚¥√‡®π°—∫‰ÕÕÕπ≈∫‡ªìπ
Õß§åª√–°Õ∫ ¬°µ—«Õ¬à“ß ‡™àπ ‡Õ‰¡¥å (amide) ¬Ÿ‡√’¬ (urea) ‰∑‚Õ¬Ÿ‡√’¬ (thiourea) ‰æ√å‚√≈ (pyrrole) À√◊Õ
´—≈‚øπ“‰¡¥å (sulfonamide) ‡ªìπµâπ [4-7]

ß“π«‘®—¬π’È®÷ß‰¥âÕÕ°·∫∫·≈– —ß‡§√“–Àå‚Œ µå‚¡‡≈°ÿ≈ §◊Õ 1,3-bis[(p-trifluoromethylphenyl-
sulfonamido)methyl]benzene (1) ‡æ◊ËÕ„™â„π°“√»÷°…“§«“¡ “¡“√∂„π°“√®—∫°—∫‰ÕÕÕπ≈∫ ‚¡‡≈°ÿ≈
ª√–°Õ∫¥â«¬À¡Ÿà´—≈‚øπ“‰¡¥å 2 À¡Ÿà‡ªìπÀπà«¬µ√«®®—∫‰ÕÕÕπ≈∫ ¡’À¡Ÿàæ“√“-‰µ√ø≈ŸÕÕ‚√‡¡∑∏‘≈‡∫π ’́π
(p-trifluoromethylbenzene) ‡ªìπÀπà«¬„Àâ —≠≠“≥∑“ß· ß (√Ÿª∑’Ë 1) ´÷Ëß‚¡‡≈°ÿ≈∑’Ë„™â»÷°…“π’È “¡“√∂
 —ß‡§√“–Àå‰¥âßà“¬¿“¬„π¢—ÈπµÕπ‡¥’¬« ·≈–„Àâ√âÕ¬≈–º≈º≈‘µ∑’Ë Ÿß  ”À√—∫°“√»÷°…“§«“¡®”‡æ“–‡®“–®ß¢Õß
°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ°—∫‰ÕÕÕπ≈∫™π‘¥µà“ßÊ „™â°“√‰∑‡∑√µ¥â«¬‡∑§π‘§¬Ÿ«’«‘´‘‡∫‘≈ ‡ª°‚∑√‚ø‚µ-
‡¡∑√’·≈–‡∑§π‘§‚ª√µÕππ‘«‡§≈’¬√å·¡°‡πµ‘°‡√‚´·ππ ǻ ·≈–π”¢âÕ¡Ÿ≈∑’Ë‰¥â‰ª§”π«≥À“§à“§ß∑’Ë¢Õß°“√‡°‘¥
 “√ª√–°Õ∫‡™‘ß´âÕπ¢Õß≈‘·°π¥å 1 °—∫‰ÕÕÕπ≈∫
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√Ÿª∑’Ë 1 ≈—°…≥–‚§√ß √â“ß¢Õß 1,3-bis[(p-trifluoromethylphenylsulfonamido)methyl]benzene
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Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß
Õÿª°√≥å·≈– “√‡§¡’

› ∫—π∑÷°¢âÕ¡Ÿ≈ 1H ·≈– 13C NMR ¥â«¬‡§√◊ËÕß Bruker AVANCE 300 FT NMR
spectrometer ∑’Ë 300 MHz  ”À√—∫ 1H NMR ·≈–∑’Ë 75 MHz  ”À√—∫ 13C NMR

› ∫—π∑÷° ‡ª°µ√—¡°“√¥Ÿ¥°≈◊π· ß¥â«¬‡§√◊ËÕß UV-Visible spectrophotometer √ÿàπ
UV-2401PC ®“°∫√‘…—∑ Shimadzu

› ∫—π∑÷°¢âÕ¡Ÿ≈ Mass spectrum ¥â«¬‡§√◊ËÕß Bruker Daltonics Mass spectrometer (micro TOF)
› ∫—π∑÷°¢âÕ¡Ÿ≈ IR spectrum ¥â«¬‡§√◊ËÕß Perkin-Elmer Spectrum One spectrometer
› ‡°≈◊Õ¢Õß‰ÕÕÕπ≈∫ ‰¥â·°à tetrabutylammonium fluoride trihydrate, tetrabutylammonium

chloride, tetrabutylammonium iodide ·≈– tetrabutylammonium phosphate ®“°∫√‘…—∑ Acros
Organics ·≈– tetrabutylammonium acetate ®“°∫√‘…—∑ Aldrich

›  “√‡§¡’·≈–µ—«∑”≈–≈“¬∑—ÈßÀ¡¥∑’Ë„™â„π°“√∑¥≈Õß‡ªìπ “√‡§¡’‡°√¥ß“π«‘‡§√“–Àå (AR grade)

«‘∏’°“√∑¥≈Õß
°“√‡µ√’¬¡ “√ 1,3-bis[(p-trifluoromethylphenylsulfonamido)methyl]benzene (1)

≈–≈“¬ m-xylylenediamine (2) (0.07 °√—¡, 5 ¡‘≈≈‘‚¡≈) „πµ—«∑”≈–≈“¬ CH2Cl2 15 ¡‘≈≈‘≈‘µ√
·≈â«À¬¥≈ß„π “√º ¡√–À«à“ß p-trifluoromethylbenzenesulfonyl chloride (3) (2.22 °√—¡, 10 ¡‘≈≈‘‚¡≈)
·≈– Na2CO3 (1.61 °√—¡, 15 ¡‘≈≈‘‚¡≈) „πµ—«∑”≈–≈“¬ CH2Cl2 (20 ¡‘≈≈‘≈‘µ√) ∑”°“√°«π∑’ËÕÿ≥À¿Ÿ¡‘
ÀâÕß‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß À¬ÿ¥ªØ‘°‘√‘¬“‚¥¬°“√‡µ‘¡ 2 N HCl ®πøÕß·°ä  CO2 À¡¥ ®“°π—Èπ°√Õß·≈–
‡°Á∫µ–°Õπ·≈â«π” à«π¢Õß¢Õß‡À≈«„ ¡“ °—¥¥â«¬ CH2Cl2 ®”π«π 2 §√—ÈßÊ ≈– 20 ¡‘≈≈‘≈‘µ√ ≈â“ß
 “√≈–≈“¬™—Èπ CH2Cl2 ¥â«¬πÈ”°≈—Ëπª√‘¡“µ√ 20 ¡‘≈≈‘≈‘µ√ µ“¡¥â«¬°“√°”®—¥πÈ” ‚¥¬„™â anh.Na2SO4

√–‡À¬µ—«∑”≈–≈“¬„Àâ·Àâß π”¡“√«¡°—∫µ–°Õπ∑’Ë‰¥â§√—Èß·√° ∑”º≈‘µ¿—≥±å„Àâ∫√‘ ÿ∑∏‘Ï‚¥¬°“√µ°º≈÷°¥â«¬
CH3OH ®–‰¥â 1,3-bis[(p-trifluoromethyphenylsulfonamido)methyl]benzene (1) ‡ªìπ¢Õß·¢Áß ’¢“«
Yield: 75%; mp 178-179°C. IR (UATR): 3267, 1324, 1137, 1063 cm›1. 1H-NMR (DMSO-d6):
δ = 3.95 (s, 4H, 2 Ó CH2), 7.00-7.14 (m, 4H, ArH), 7.92 (d, J = 8.8 Hz, 4H, ArH), 7.96
(d, J = 8.7 Hz, 4H, ArH), 8.44 (s, 2H, NHSO2). 

13C NMR (DMSO-d6): δ = 46.4,126.8, 127.0,
127.4, 127.9, 128.7, 137.6, 145.1. HRMS-TOF: m/z 553.0710 [M + H]+ (§”π«≥ ”À√—∫
C22H19F6N2O4S2 : 553.0685) ªØ‘°‘√‘¬“°“√‡µ√’¬¡· ¥ß¥—ß√Ÿª∑’Ë 2
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2 
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√Ÿª∑’Ë 2 °“√ —ß‡§√“–Àå “√ 1,3-bis [(p-trifluoromethylphenylsulfonamido)methyl]benzene (1)
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°“√»÷°…“§«“¡®”‡æ“–‡®“–®ß√–À«à“ß 1,3-bis[(p-trifluoromethylphenylsulfonamido)methyl]benzene
(1) °—∫‰ÕÕÕπ≈∫™π‘¥µà“ßÊ ‚¥¬„™â‡∑§π‘§¬Ÿ«’«‘´‘‡∫‘≈ ‡ª°‚∑√‚ø‚µ‡¡∑√’

‡µ√’¬¡ “√ 1,3-bis [(p-trifluoromethylphenylsulfonamido)methyl]benzene ∑’Ë —ß‡§√“–Àå
‰¥â∑’Ë§«“¡‡¢â¡¢âπ 0.05 ¡‘≈≈‘‚¡≈“√å„π‰¥‡¡∑∏‘≈´—≈øÕ°‰´¥å·≈– “√≈–≈“¬‰ÕÕÕπ≈∫™π‘¥µà“ßÊ ‰¥â·°à
F› Cl› I› CH3COO› ·≈– H2PO4

› ∑’Ë§«“¡‡¢â¡¢âπ 0.5 ¡‘≈≈‘‚¡≈“√å„π‰¥‡¡∑∏‘≈´—≈øÕ°‰´¥å (Õ—µ√“
 à«π®”π«π‚¡≈√–À«à“ß≈‘·°π¥å : ‰ÕÕÕπ≈∫‡∑à“°—∫ 1:10) ®“°π—Èππ” “√≈–≈“¬º ¡‰ª«—¥§à“°“√¥Ÿ¥°≈◊π· ß
„π™à«ß§«“¡¬“«§≈◊Ëπ 200-800 π“‚π‡¡µ√ ∫—π∑÷° ‡ª°µ√—¡∑’Ë‰¥â·≈–∑”°“√‡ª√’¬∫‡∑’¬∫¢âÕ¡Ÿ≈®“°
 ‡ª°µ√—¡∑’Ë‰¥â‡¡◊ËÕ„™â‰ÕÕÕπ≈∫™π‘¥µà“ßÊ

°“√»÷°…“Õ—µ√“ à«π°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ¢Õß1,3-bis[(p-trifluoromethylphenylsulfonamido)
methyl]benzene (1) °—∫ø≈ŸÕÕ‰√¥å¥â«¬‡∑§π‘§¬Ÿ«’«‘´‘‡∫‘≈ ‡ª°‚∑√‚ø‚µ‡¡∑√’

º ¡ “√≈–≈“¬1,3-bis[(p-trifluoromethylphenylsulfonamido)methyl]benzene ·≈–
 “√≈–≈“¬ø≈ŸÕÕ‰√¥å∑’Ë§«“¡‡¢â¡¢âπ 1.0 ¡‘≈≈‘‚¡≈“√å„π‰¥‡¡∑∏‘≈´—≈øÕ°‰´¥å „πÕ—µ√“ à«π®”π«π‚¡≈µà“ßÊ
‚¥¬„Àâ®”π«π‚¡≈√«¡¢Õß·µà≈– “√≈–≈“¬º ¡§ß∑’Ë ®“°π—Èππ” “√≈–≈“¬º ¡‰ª«—¥§à“°“√¥Ÿ¥°≈◊π· ß∑’Ë
§«“¡¬“«§≈◊Ëπ 295.5 π“‚π‡¡µ√ ‡æ◊ËÕÀ“Õ—µ√“ à«π°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ®“°°√“ø√–À«à“ß‡»… à«π
‚¡≈¢ÕßÕπÿæ—π∏å1,3-bis[(p-trifluoromethylphenylsulfonamido)methyl]benzene °—∫§à“°“√¥Ÿ¥°≈◊π· ß
(Jobûs plot)

°“√»÷°…“°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ√–À«à“ß1,3-bis[(p-trifluoromethylphenylsulfonamido)
methyl]benzene (1) °—∫ø≈ŸÕÕ‰√¥å‚¥¬°“√‰∑‡∑√µ¥â«¬‡∑§π‘§‚ª√µÕππ‘«‡§≈’¬√å·¡°‡πµ‘°‡√‚´·ππ´å

‡µ√’¬¡ “√≈–≈“¬ 1,3-bis [(p-trifluoromethylphenylsulfonamido)methyl]benzene
§«“¡‡¢â¡¢âπ 10.0 ¡‘≈≈‘‚¡≈“√å„πµ—«∑”≈–≈“¬ DMSO-d6 ª√‘¡“µ√ 0.50 ¡‘≈≈‘≈‘µ√ ∫—π∑÷° 1H NMR  ‡ª°µ√—¡
·≈–§à“ chemical shift ¢Õß NH- „πÀ¡Ÿà́ —≈‚øπ“‰¡¥å¢Õß 1,3-bis[(p-trifluoromethylphenylsulfonamido)
methyl]benzene ®“°π—Èπ‡µ‘¡ “√≈–≈“¬ø≈ŸÕÕ‰√¥å§«“¡‡¢â¡¢âπ 100 ¡‘≈≈‘‚¡≈“√å„πµ—«∑”≈–≈“¬ DMSO-d6

ª√‘¡“µ√§√—Èß≈– 0.010 ¡‘≈≈‘≈‘µ√ ‚¥¬¡’Õ—µ√“ à«π‚¡≈· ¥ß¥—ßµ“√“ß∑’Ë 1 ∫—π∑÷° 1H NMR  ‡ª°µ√—¡ ·≈–§à“
chemical shift ¢Õß NH- „πÀ¡Ÿà´—≈‚øπ“‰¡¥å∑’Ë·µà≈–Õ—µ√“ à«π‚¡≈
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µ“√“ß∑’Ë 1 Õ—µ√“ à«π®”π«π‚¡≈¢Õßø≈ŸÕÕ‰√¥åµàÕ≈‘·°π¥å 1 „πµ—«∑”≈–≈“¬ DMSO-d6

Õ—µ√“ à«π‚¡≈¢Õß F› µàÕ≈‘·°π¥å ª√‘¡“µ√¢Õß F› ∑’Ë‡µ‘¡ ª√‘¡“µ√√«¡„πÀ≈Õ¥ NMR
1 (¡‘≈≈‘≈‘µ√) (¡‘≈≈‘≈‘µ√)

0.0 0.000 0.500
0.2 0.010 0.510
0.4 0.010 0.520
0.6 0.010 0.530
0.8 0.010 0.540
1.0 0.010 0.550
1.2 0.010 0.560
1.4 0.010 0.570

°“√»÷°…“°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ√–À«à“ß1,3-bis[(p-trifluoromethylphenylsulfonamido)
methyl]benzene (1) °—∫ø≈ŸÕÕ‰√¥å‚¥¬°“√‰∑‡∑√µ¥â«¬‡∑§π‘§¬Ÿ«’«‘´‘‡∫‘≈ ‡ª°‚∑√‚ø‚µ‡¡∑√’

‡µ√’¬¡ “√≈–≈“¬ 1,3-bis [(p-trifluoromethylphenylsulfonamido)methyl]benzene
§«“¡‡¢â¡¢âπ 0.40 ¡‘≈≈‘‚¡≈“√å„π‰¥‡¡∑∏‘≈´—≈øÕ°‰´¥å ª√‘¡“µ√ 2.50 ¡‘≈≈‘≈‘µ√ ®“°π—Èπ‡µ‘¡ “√≈–≈“¬
ø≈ŸÕÕ‰√¥å§«“¡‡¢â¡¢âπ 10 ¡‘≈≈‘‚¡≈“√å„π‰¥‡¡∑∏‘≈´—≈øÕ°‰´¥å ª√‘¡“µ√§√—Èß≈– 0.010 ¡‘≈≈‘≈‘µ√ ‚¥¬¡’
Õ—µ√“ à«π®”π«π‚¡≈¢Õßø≈ŸÕÕ‰√¥åµàÕ≈‘·°π¥å 1 Õ¬Ÿà„π™à«ßµ—Èß·µà 0.0 ∂÷ß 3.0 ‡∑à“ ∫—π∑÷°§à“°“√¥Ÿ¥°≈◊π
· ß„π™à«ß§«“¡¬“«§≈◊Ëπ 200-800 π“‚π‡¡µ√∑’Ë·µà≈–Õ—µ√“ à«π‚¡≈π”¢âÕ¡Ÿ≈∑’Ë‰¥â‰ª§”π«≥À“§à“§ß∑’Ë°“√
‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ¥â«¬«‘∏’ nonlinear least-square curve-fitting [8] ¥—ß ¡°“√

Abs 0 lim   S A] / [1 += +[Abs Abs K SKC2
AC2]

‡¡◊ËÕ Abs §◊Õ §à“°“√¥Ÿ¥°≈◊π· ß‡¡◊ËÕ‡µ‘¡ø≈ŸÕÕ‰√¥å„π·µà≈–§√—Èß
Abs0 §◊Õ §à“°“√¥Ÿ¥°≈◊π· ß‡√‘Ë¡µâπ‡¡◊ËÕ‰¡à¡’ø≈ŸÕÕ‰√¥å
Abslim §◊Õ §à“°“√¥Ÿ¥°≈◊π· ß Ÿß ÿ¥‡¡◊ËÕ‡µ‘¡ø≈ŸÕÕ‰√¥å¡“°‡°‘πæÕ
C2

A §◊Õ §«“¡‡¢â¡¢âπ¢Õßø≈ŸÕÕ‰√¥å‡¡◊ËÕ‡µ‘¡„π·µà≈–§√—Èß
KS §◊Õ §à“§ß∑’Ë°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ (M›2)
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º≈°“√∑¥≈Õß·≈–Õ¿‘ª√“¬º≈°“√∑¥≈Õß
 “√ 1,3-bis[(p-trifluoromethylphenylsulfonamido)methyl]benzene  “¡“√∂‡µ√’¬¡‰¥â

®“°ªØ‘°‘√‘¬“ coupling √–À«à“ß m-xylylenediamine ·≈– p-trifluoromethylbenzenesulfonyl chloride
¿“¬„µâ ¿“«–‡∫  [9] ´÷Ëß “¡“√∂æ‘ Ÿ®πå‚§√ß √â“ß¢Õß “√∑’Ë —ß‡§√“–Àå‰¥â‚¥¬„™â‡∑§π‘§ IR 1H-NMR 13C
NMR ·≈– Mass spectrometry ≈—°…≥– ‡ª§µ√—¡∑’Ë‰¥â®“° 1H NMR ¢Õß≈‘·°π¥å 1 · ¥ß¥—ß√Ÿª∑’Ë 3

√Ÿª∑’Ë 4 °“√‡°‘¥ deprotonation ¢Õß ›NHSO2› ·≈– upfield shift ¢Õß ArH ‡¡◊ËÕ‡µ‘¡ø≈ŸÕÕ‰√¥å„π
Õ—µ√“ à«π®”π«π‚¡≈µ—Èß·µà 0.0 ∂÷ß 1.4 ‡∑à“

√Ÿª∑’Ë 3 ≈—°…≥– ‡ª§µ√—¡ 1H NMR ¢Õß≈‘·°π¥å 1

‡∑§π‘§‚ª√µÕππ‘«‡§≈’¬√å·¡°‡πµ‘°‡√‚´·ππ´å
®“°°“√»÷°…“°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ‚¥¬°“√‰∑‡∑√µ¥â«¬‡∑§π‘§‚ª√µÕππ‘«‡§≈’¬√å

·¡°‡πµ‘°‡√‚´·ππ ǻ æ∫«à“‡¡◊ËÕ‡µ‘¡ø≈ŸÕÕ‰√¥å∑’Ë§«“¡‡¢â¡¢âπ 100 ¡‘≈≈‘‚¡≈“√å„πÕ—µ√“ à«π®”π«π‚¡≈µ—Èß·µà
0.0 ∂÷ß 1.4 ‡∑à“ ®–‡°‘¥ deprotonation ¢Õß sulfonamide proton §◊Õ ¡’°“√„Àâ‚ª√µÕπ„πÀ¡Ÿà sulfonamide
¢Õß≈‘·°π¥å ∑”„Àâ —≠≠“≥¢Õß‚ª√µÕπ„πÀ¡Ÿà sulfonamide À“¬‰ª ·≈–‡Àπ’Ë¬«π”„Àâ§à“ chemical shift
¢Õß aromatic proton (ArH) ¡’°“√ shift ‰ª∑“ß upfield ¥—ß· ¥ß„π√Ÿª∑’Ë 4

10 9 8 7 6 5 4 3 2 1 ppm

NHSO2

ArH
ArCH2

10 9 8 7 6 5 4 3 2 1 ppm

1.4

1.0

0.2

0
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‡∑§π‘§¬Ÿ«’«‘´‘‡∫‘≈ ‡ª°‚∑√‚ø‚µ‡¡∑√’
‡¡◊ËÕ»÷°…“§«“¡ “¡“√∂¢Õß≈‘·°π¥å 1 „π°“√‡≈◊Õ°®—∫°—∫‰ÕÕÕπ≈∫Õ¬à“ß®”‡æ“–‡®“–®ß ‚¥¬

°“√‡µ‘¡‰ÕÕÕπ≈∫∑’ËÕ—µ√“ à«π®”π«π‚¡≈¢Õß‰ÕÕπ≈∫µàÕ≈‘·°π¥å 10 ‡∑à“ º≈°“√∑¥≈Õßæ∫«à“‡¡◊ËÕ‡°‘¥
 “√ª√–°Õ∫‡™‘ß´âÕπ¢Õß≈‘·°π¥å (0.05 ¡‘≈≈‘‚¡≈“√å) °—∫ F› „πµ—«∑”≈–≈“¬‰¥‡¡∑∏‘≈´—≈øÕ°‰´¥åª√“°Ø
æ’§„À¡à¢÷ÈπÕ¬à“ß™—¥‡®π∑’Ë§«“¡¬“«§≈◊Ëπ∑’Ë¡’§à“°“√¥Ÿ¥°≈◊π· ß Ÿß ÿ¥ (λmax) ‡∑à“°—∫ 295.5 π“‚π‡¡µ√
„π¢≥–∑’Ë “√ª√–°Õ∫‡™‘ß´âÕπ√–À«à“ß≈‘·°π¥å°—∫ CH3COO› ·≈– H2PO4

› „πµ—«∑”≈–≈“¬‰¥‡¡∑∏‘≈´—≈-
øÕ°‰´¥å¡’°“√‡ª≈’Ë¬π·ª≈ß —≠≠“≥‡≈Á°πâÕ¬  à«π„π Cl› ·≈– I› ‰¡à‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß ¥—ß· ¥ß„π
√Ÿª∑’Ë 5 º≈®“° ‡ª°µ√—¡ “¡“√∂Õ∏‘∫“¬‰¥â«à“ ≈‘·°π¥å 1 ‡≈◊Õ°®—∫Õ¬à“ß®”‡æ“–‡®“–®ß°—∫‰ÕÕÕπ≈∫∑’Ë¡’
§«“¡‡ªìπ‡∫ ∑’Ë·√ß (F› CH3COO› ·≈– H2PO4

›) ¢≥–∑’Ë‰¡à “¡“√∂®—∫°—∫‰ÕÕÕπ≈∫∑’Ë‡ªìπ‡∫ ÕàÕπ
(Cl› ·≈– I›) ·≈–æ’§„À¡à∑’Ë‡°‘¥¢÷Èπ∑’Ë§«“¡¬“«§≈◊Ëπ 295.5 π“‚π‡¡µ√ ‡¡◊ËÕ‡µ‘¡ F› ∑’ËÕ—µ√“ à«π®”π«π‚¡≈
10 ‡∑à“ ‡ªìπº≈¡“®“°°“√‡°‘¥ Intramolecular charge transfer (ICT) [10] ¢≥–∑’Ë‡¡◊ËÕ‡µ‘¡ CH3COO›

·≈– H2PO4
› ¡’°“√‡ª≈’Ë¬π·ª≈ß‡≈Á°πâÕ¬ Õ“®‡ªìπ‡æ√“– F› ¡’√Ÿª√à“ß∑’Ë‡À¡“– ¡°—∫≈‘·°π¥å 1 ¡“°°«à“

CH3COO› ·≈– H2PO4
› [11]

√Ÿª∑’Ë 5  ‡ª§µ√—¡°“√¥Ÿ¥°≈◊π· ß¢Õß≈‘·°π¥å 1 (0.05 ¡‘≈≈‘‚¡≈“√å) ·≈– ‡ª§µ√—¡°“√¥Ÿ¥°≈◊π· ß¢Õß
 “√ª√–°Õ∫‡™‘ß´âÕπ√–À«à“ß≈‘·°π¥å 1 ·≈–‰ÕÕÕπ≈∫·µà≈–™π‘¥ (0.5 ¡‘≈≈‘‚¡≈“√å) ‰¥â·°à F› Cl›

I› H2PO4
› ·≈– CH3COO› „πµ—«∑”≈–≈“¬‰¥‡¡∑∏‘≈´—≈øÕ°‰´¥å

F-
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®“°º≈°“√∑¥≈Õß¢â“ßµâπ®–‡ÀÁπ‰¥â«à“ ≈‘·°π¥å∑’Ë‰¥â —ß‡§√“–Àå¢÷Èππ’È¡’§«“¡®”‡æ“–‡®“–®ß°—∫
F› >> CH3COO› H2PO4

› Cl› ·≈– I› ®÷ß‰¥â∑”°“√»÷°…“Õ—µ√“ à«π°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ
√–À«à“ß≈‘·°π¥å 1 °—∫ F› ‚¥¬«‘∏’ continuous variation æ∫«à“Õ—µ√“ à«π°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ‡ªìπ
1:2 · ¥ß¥—ß√Ÿª∑’Ë 6

√Ÿª∑’Ë 6 Jobûs plot √–À«à“ß≈‘·°π¥å 1 (1.0 ¡‘≈≈‘‚¡≈“√å) °—∫ “√≈–≈“¬ø≈ŸÕÕ‰√¥å (1.0 ¡‘≈≈‘‚¡≈“√å)
„πµ—«∑”≈–≈“¬‰¥‡¡∑∏‘≈´—≈øÕ°‰´¥å

·≈–‰¥â∑”°“√»÷°…“º≈¢Õß°“√‡ª≈’Ë¬π·ª≈ß§à“°“√¥Ÿ¥°≈◊π· ß®“°°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ
¢Õß≈‘·°π¥å°—∫ø≈ŸÕÕ‰√¥å∑’Ë§«“¡‡¢â¡¢âπµà“ßÊ ‚¥¬°“√‰∑‡∑√µ¥â«¬‡∑§π‘§¬Ÿ«’«‘´‘‡∫‘≈ ‡ª°‚µ√‚ø‚µ‡¡∑√’
¥—ß· ¥ß„π√Ÿª∑’Ë 7 æ∫«à“§à“°“√¥Ÿ¥°≈◊π· ß∑’Ë§«“¡¬“«§≈◊Ëπ 295.5 π“‚π‡¡µ√ ¢Õß “√ª√–°Õ∫‡™‘ß´âÕπ
‡æ‘Ë¡¢÷Èπ ‡¡◊ËÕ¡’°“√‡æ‘Ë¡ª√‘¡“≥¢Õß‰ÕÕÕπ≈∫ ®“°π—Èππ”‰ª§”π«≥§à“§ß∑’Ë¢Õß°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ
‚¥¬„™â«‘∏’ nonlinear least-square curve-fitting æ∫«à“¡’§à“‡∑à“°—∫ (1.10 ± 0.07) Ó 107 M›2 ‚¥¬°≈‰°
°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ∑’Ë‡ªìπ‰ª‰¥â ¥—ß· ¥ß„π√Ÿª∑’Ë 8 ´÷Ëß Õ¥§≈âÕß°—∫º≈°“√∑¥≈Õß®“°°“√‰∑‡∑√µ
¥â«¬‡∑§π‘§‚ª√µÕππ‘«‡§≈’¬√å·¡°‡πµ‘°‡√‚´·ππ´å∑’Ë‚ª√µÕπ¢ÕßÀ¡Ÿà sulfonamide ‡°‘¥ deprotonation
¡’º≈‡Àπ’Ë¬«π”„Àâ§à“ chemical shift ¢Õß aromatic proton ¡’°“√ shift ‰ª∑“ß upfield ·≈– Õ¥§≈âÕß
°—∫º≈°“√∑¥≈Õß∑’Ë‰¥â®“°‡∑§π‘§¬Ÿ«’«‘´‘‡∫‘≈ ‡ª°‚µ√‚ø‚µ‡¡∑√’„π°“√‡°‘¥æ’§„À¡à∑’Ë§«“¡¬“«§≈◊Ëπ 295.5
π“‚π‡¡µ√ ‡π◊ËÕß®“°°“√‡°‘¥ Intramolecular charge transfer (ICT)
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√Ÿª∑’Ë 7  ‡ª§µ√—¡°“√‡æ‘Ë¡¢÷Èπ¢Õß§à“¥Ÿ¥°≈◊π· ß‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥¢Õßø≈ŸÕÕ‰√¥å„π≈‘·°π¥å 1 (§«“¡‡¢â¡¢âπ
0.40 ¡‘≈≈‘‚¡≈“√å) „π‰¥‡¡∑∏‘≈´—≈øÕ°‰´¥å

√Ÿª∑’Ë 8 ‚§√ß √â“ß°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ∑’Ë‡ªìπ‰ª‰¥â√–À«à“ß≈‘·°π¥å 1 ·≈–ø≈ŸÕÕ‰√¥å
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 √ÿªº≈°“√∑¥≈Õß
ß“π«‘®—¬π’È ‰¥â —ß‡§√“–Àå‚¡‡≈°ÿ≈ 1,3-bis[(p-trifluoromethylphenylsulfonamido)

methyl]benzene (1) ·≈–»÷°…“ª√– ‘∑∏‘¿“æ„π°“√µ√«®®—∫‰ÕÕÕπ≈∫æ∫«à“≈‘·°π¥å™π‘¥π’È¡’§«“¡®”‡æ“–
‡®“–®ß°—∫ø≈ŸÕÕ‰√¥å Ÿß ‚¥¬· ¥ßÕ—µ√“ à«π°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ√–À«à“ß≈‘·°π¥å°—∫ø≈ŸÕÕ‰√¥å‡∑à“°—∫
1:2 ·≈–¡’§à“§ß∑’Ë°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ‡∑à“°—∫ (1.10 ± 0.07) Ó 107 M›2

°‘µµ‘°√√¡ª√–°“»
ß“π«‘®—¬π’È‰¥â√—∫∑ÿπ π—∫ πÿπ®“°‡ß‘π√“¬‰¥â §≥–«‘∑¬“»“ µ√å ¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤
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