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∫∑§—¥¬àÕ

°“√ —ß‡§√“–Àå “√Õπÿæ—π∏å¢Õß‰μ√‚§∑’´’‡æ◊ËÕ»÷°…“ƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å¡–‡√Áß
·≈–ƒ∑∏‘Ï„π°“√¬—∫¬—Èß‡™◊ÈÕ¡“≈“‡√’¬ æ∫«à“ “√ 4-O-hexanoyl-7 -hydroxytrichodermol (3c) ¡’ƒ∑∏‘Ï
„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å¡–‡√Áß™àÕßª“° (KB) ∑’Ë Ÿß¡“°¥â«¬§à“ IC50 ‡∑à“°—∫ 0.027 nM ÷́Ëß¡’ƒ∑∏‘Ï
¥’°«à“ “√§«∫§ÿ¡ ellipticine ª√–¡“≥ 11185 ‡∑à“ ·≈–¥’°«à“ doxorubicin ª√–¡“≥ 4333 ‡∑à“ ·≈–
æ∫«à“ “√ 4-O-acetyl trichothecolone (2a) · ¥ßƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å¡–‡√ÁßªÕ¥
(NCI-H187) ∑’Ë Ÿß¥â«¬§à“ IC50 ‡∑à“°—∫ 0.029 μM ®“°°“√»÷°…“§«“¡ —¡æ—π∏å√–À«à“ß‚§√ß √â“ß·≈–
°“√ÕÕ°ƒ∑∏‘Ï¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å¡–‡√Áß‡∫◊ÈÕßμâπæ∫«à“À¡Ÿà‡Õ ‡∑Õ√å∑’Ëμ”·Àπàß 4 ·≈–À¡Ÿà‰Œ¥√Õ° ‘́≈∑’Ë
μ”·Àπàß 7 „π‚§√ß √â“ß¢Õß “√Õπÿæ—π∏å¢Õß‰μ√‚§∑’´’¡’§«“¡ ”§—≠μàÕ°“√· ¥ßƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√‡®√‘≠
¢Õß‡´≈≈å¡–‡√Áß™àÕßª“° (KB) ·≈– ‡´≈≈å¡–‡√ÁßªÕ¥ NCI-H187
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ABSTRACT

 A number of trichothecene derivatives were synthesized for cytotoxicity and
antimalarial activity study. The results showed that 4-O-hexanoyl-7 -hydroxytrichodermol (3c)
exhibited the most potent cytotoxicity against KB cells with IC50 value of 0.027 nM. It was
11185- and 4333-fold more active than the standard drugs ellipticine and doxorubicin against
KB cells, respectively. 4-O-Acetyl trichothecolone (2a) showed cytotoxicity against NCI-H187
cells with IC50 value of 0.029 μM. The preliminary structure-activity relationships (SAR) results
indicated that the ester group of C4 and hydroxyl of C7 of trichothecene derivatives played a key
role for cytotoxic activity against KB and NCI-H187 cells.
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∫∑π”
 “√ª√–°Õ∫ trichothecenes ‡ªìπ “√„π°≈ÿà¡ sesquiterpenoids æ∫„π‡™◊ÈÕ√“À≈“¬™π‘¥

‰¥â·°à Fusarium, Myrotecium, Trichoderma, Cephalosporium, Verticimonosporium ·≈–
Stachybotrys [1] ¡’‚§√ß √â“ß¥—ß√Ÿª∑’Ë 1

√Ÿª∑’Ë 1 ‚§√ß √â“ß¢Õß “√ª√–°Õ∫ trichothecenes

‚§√ß √â“ß¢Õß “√ª√–°Õ∫ trichothecenes ¡—°®–ª√–°Õ∫¥â«¬ 12,13-epoxide æ—π∏–§Ÿà∑’Ë
μ”·Àπàß C9-C10 ·≈–À¡Ÿà·∑π∑’Ë∑’Ëμ”·Àπàß 3, 4, 7, 8 ·≈– 15 πÕ°®“°π’È “√ª√–°Õ∫ trichothecenes
À≈“¬™π‘¥Õ“®‡ªìπ«ß macrocyclic ester ‚¥¬‡™◊ËÕ¡μàÕ«ß∑’Ë C-4 ·≈– C-15 ‡™àπ  “√ roridins ·≈–
 “√ verrucarins ‡ªìπμâπ ´÷Ëß “√„π°≈ÿà¡π’È· ¥ßƒ∑∏‘Ï∑“ß™’«¿“æ‰¥âÀ≈“°À≈“¬ ‡™àπ ¡’ƒ∑∏‘Ïμâ“π°“√‡®√‘≠
‡μ‘∫‚μ¢Õß‡´≈≈å¡–‡√Áß [2-8] ∑”„Àâ‡°‘¥¿“«–¿Ÿ¡‘§ÿâ¡°—π ¡¥ÿ≈ (immunomodulation) [9] ¡’§«“¡‡ªìπæ‘…
μàÕæ◊™ (phytotoxicity) [10-12] ¡’ƒ∑∏‘Ïμâ“π‡™◊ÈÕ√“À≈“¬ “¬æ—π∏ÿå [6, 13-15] ·≈–¡’ƒ∑∏‘Ïμâ“π‡™◊ÈÕ¡“≈“‡√’¬
[16-17] ‡ªìπμâπ ®“°ß“π«‘®—¬¢Õß°≈ÿà¡ºŸâ«‘®—¬‰¥â»÷°…“ “√ÕÕ°ƒ∑∏‘Ï™’«¿“æ®“°‡™◊ÈÕ√“‡Õπ‚¥‰øμå KLAR 5
´÷Ëß·¬°‰¥â®“°°‘ËßμâπÀ—π™â“ß (Knema Laurina (Blume) Warb.) [18] æ∫ “√„π°≈ÿà¡‰μ√‚§∑’´’
8-deoxy trichothecin (1), trichothecolone (2), 7 -hydroxytrichodermol (3), 7 -hydroxyscirpene
(4) ·≈– trichodermol (5) ´÷Ëß¡’ƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å¡–‡√Áß∑’ËÀ≈“°À≈“¬·≈–· ¥ßƒ∑∏‘Ï„π
°“√¬—∫¬—Èß‡™◊ÈÕ¡“≈“‡√’¬∑’Ëπà“ π„® ¥—ß· ¥ß„πμ“√“ß 1 ·≈–¡’√“¬ß“π “√Õπÿæ—π∏å¢Õß‰μ√‚§∑’´’μàÕ°“√
ÕÕ°ƒ∑∏‘Ïμâ“π‡™◊ÈÕ√“ [16] Õ¬à“ß‰√°Áμ“¡¬—ß‰¡àæ∫°“√√“¬ß“πƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å¡–‡√Áß
NCI-H187 ·≈–ƒ∑∏‘Ï „π°“√¬—∫¬—Èß‡™◊ÈÕ¡“≈“‡√’¬¢Õß “√°≈ÿà¡π’È¬—ß¡’ºŸâ«‘®—¬‰¡à¡“°π—° ß“π«‘®—¬π’È®÷ß¡’
«—μ∂ÿª√– ß§å∑’Ë®– —ß‡§√“–ÀåÕπÿæ—π∏å¢Õß “√¥—ß°≈à“« ‡æ◊ËÕ∑¥ Õ∫ƒ∑∏‘Ï„π°“√¬—∫¬—Èß‡™◊ÈÕ¡“≈“‡√’¬·≈–ƒ∑∏‘Ï„π
°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å¡–‡√Áß

Õÿª°√≥å·≈–«‘∏’∑¥≈Õß
 “√ 1-5 ‰¥â®“°°“√ °—¥·¬°®“°‡™◊ÈÕ√“‡Õπ‚¥‰øμå KLAR 5 ́ ÷Ëß·¬°‰¥â®“°°‘ËßμâπÀ—π™â“ß (Knema

Laurina (Blume) Warb.) ‚¥¬„™â«‘∏’μ“¡∑’Ë‡§¬‰¥â√“¬ß“π‰«â·≈â« [18] μ—«∑”≈–≈“¬Õ‘π∑√’¬å ‡™àπ acetone,
dichloromethane, ethyl acetate, hexane ·≈– methanol ∑”„Àâ∫√‘ ÿ∑∏‘Ï‚¥¬°“√°≈—Ëπ  ”À√—∫ column
chromatography „™â silica gel (¢π“¥ 0.063-0.200 mm ·≈– < 0.063 mm) ¢Õß Merck °“√∫—π∑÷°
§à“ Rf ¢Õß “√„™â·ºàπ precoated silica gel 60 GF254 ·≈–μ√«®À“μ”·Àπàß¢Õß “√∫π TLC ‚¥¬„™â
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À≈Õ¥°”‡π‘¥· ßÕ—≈μ√“‰«‚Õ‡≈μ∑’Ë§«“¡¬“«§≈◊Ëπ 254 ·≈– 365 nm ·≈–„™â ‡ª√¬å√’‡Õ‡®πμå (anisaldehyde
agent) °“√∫—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 μ“¡≈”¥—∫

«‘∏’∑¥≈Õß
°“√ —ß‡§√“–Àå “√ 9,10,2û,3û-tetrahydro-8-deoxy trichothecin (1a)

‡μ√’¬¡¢«¥°âπ°≈¡‚¥¬°“√‰≈àÕ“°“»¥â«¬·°ä ‰π‚μ√‡®π „ à·∑àß·¡à‡À≈Á°·≈– Pd/C ≈ß„π¢«¥
°âπ°≈¡‡æ◊ËÕ‡ªìπμ—«‡√àßªØ‘°‘√‘¬“ ®“°π—Èπ‡μ‘¡ “√≈–≈“¬ 8-deoxy trichothecin (1) 10 ¡‘≈≈‘°√—¡ „π‡¡∑“πÕ≈
·≈–∑”ªØ‘°‘√‘¬“¿“¬„μâ·°ä ‰Œ‚¥√‡®π ‡ªìπ‡«≈“ 2 ™—Ë«‚¡ß À≈—ß®“°°“√∑”ªØ‘°‘√‘¬“π” “√≈–≈“¬¡“∑”°“√
°√Õßμ—«‡√àßªØ‘°‘√‘¬“ÕÕ° ‚¥¬°√Õßºà“π celite ¥â«¬‡§√◊ËÕß°√Õß≈¥§«“¡¥—π ∑”°“√√–‡À¬μ—«∑”≈–≈“¬
®–‰¥â “√ °—¥À¬“∫ ·≈â«π”‰ª∑”°“√·¬° “√„Àâ∫√‘ ÿ∑∏‘Ï¥â«¬‡∑§π‘§§Õ≈—¡πå‚§√¡“‚∑°√“øï ‚¥¬™–¥â«¬
10% ethyl acetate/hexane ®–‰¥â “√ 9,10,2û,3û-tetrahydro-8-deoxy trichothecin (1a) 5.4 ¡‘≈≈‘°√—¡
·≈–∑”°“√¬◊π¬—π‚§√ß √â“ß¥â«¬¢âÕ¡Ÿ≈∑“ß ‡ª°‚∑√ ‚°ªï

9,10,2û,3û-Tetrahydro-8-deoxy trichothecin (1a): 1H-NMR (CDCl3): 5.49 (dd,
J = 7.8, 3.7 Hz, 1H); 3.83 (d, J = 5.1 Hz, 1H); 3.49 (br s, 1H); 3.17 (d, J = 4.0 Hz, 1H);
2.87 (d, J = 4.0 Hz, 1H); 2.49 (dd, J = 15.3, 7.8 Hz, 1H); 2.33 (t, J = 7.3 Hz, 2H); 1.95
(ddd, J = 15.3, 4.4, 3.8 Hz, 1H); 1.85 (br dd, J = 13.6, 4.0 Hz, 1H); 1.60-1.71 (m, 4H); 1.54
(m, 1H); 1.27-1.43 (m, 3H); 1.02 (s, 3H); 0.96 (t, J = 7.4 Hz, 3H); 0.88 (d, J = 6.3 Hz, 3H);
0.69 (s, 3H).; 13C-NMR (CDCl3): 173.6, 79.4, 74.7, 72.7, 65.7, 49.2, 48.5, 40.9, 36.9, 36.4,
35.8, 30.3, 28.6, 26.7, 22.1, 18.5, 17.8, 13.7, 5.7.

°“√ —ß‡§√“–Àå “√Õπÿæ—π∏åμà“ßÊ ¢Õß “√ 2-5
°“√ —ß‡§√“–Àå 4-O-alkyl ·≈– 4,7-di-O-alkyl esters ¢Õß trichothecolone (2),

7 -hydroxytrichodermol (3), 7 -hydroxyscirpene (4) ·≈– trichodermol (5) ∑”‰¥â‚¥¬°“√π” “√
μ—Èßμâπ¡“≈–≈“¬„π pyridine ·≈â«‡μ‘¡ acid anhydride ™π‘¥μà“ßÊ ®“°π—Èπ∑”°“√ªíòπ°«πªØ‘°‘√‘¬“‰«â
¢â“¡§◊π ‡¡◊ËÕ‡°‘¥ªØ‘°‘√‘¬“ ∑”°“√‡μ‘¡πÈ”≈ß‰ª„π “√≈–≈“¬ ·≈â«∑”°“√ °—¥¥â«¬ ethyl acetate 3 §√—Èß
∑”°“√√–‡À¬μ—«∑”≈–≈“¬®–‰¥â “√ °—¥À¬“∫ ·≈â«π”‰ª∑”°“√·¬° “√„Àâ∫√‘ ÿ∑∏‘Ï¥â«¬‡∑§π‘§§Õ≈—¡πå
‚§√¡“‚∑°√“øï ‚¥¬™–¥â«¬ 20% ethyl acetate/hexane ®–‰¥â “√º≈‘μ¿—≥±å·≈–∑”°“√¬◊π¬—π‚§√ß √â“ß
 “√º≈‘μ¿—≥±å¥â«¬¢âÕ¡Ÿ≈∑“ß ‡ª°‚∑√ ‚°ªï

4-O-acetyl trichothecolone (2a): 1H-NMR (CDCl3): 6.50 (dd, J = 5.8, 1.4 Hz, 1H);
5.53 (dd, J = 7.8, 3.7 Hz, 1H); 3.94 (d, J = 5.2 Hz, 2H); 3.16 (d, J = 3.9 Hz, 1H); 2.90 (m, 1H);
2.87 (d, J = 3.6 Hz, 1H); 2.63 (dd, J = 15.8, 7.7 Hz, 1H); 2.31 (dd, J = 15.3, 1.3 Hz, 1H);
2.11 (s, 3H); 2.07 (m, 1H); 1.85 (s, 3H); 1.07 (s, 3H); 0.73 (s, 3H).; 13C-NMR (CDCl3):
198.8, 171.0, 138.2, 137.1, 79.6, 73.9, 70.1, 65.5, 48.9, 47.5, 43.7, 42.1, 36.8, 21.1, 18.5,
15.4, 5.6.
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4-O-propanoyltrichothecolone (2b): 1H-NMR (CDCl3): 6.50 (br d, J = 5.6 Hz, 1H);
5.55 (dd, J = 7.8, 3.7 Hz, 1H); 3.94 (d, J = 5.6 Hz, 1H); 3.93 (d, J = 5.1 Hz, 1H); 3.16
(d, J = 3.9 Hz, 1H); 2.90 (d, J = 15.3 Hz, 1H); 2.87 (d, J = 3.8 Hz, 1H); 2.63 (dd, J = 15.6, 7.8 Hz,
1H); 2.39 (q, J = 7.6 Hz, 2H); 2.31 (d, J = 15.3 Hz, 1H); 2.09 (ddd, J = 15.6, 5.1,  3.7 Hz, 1H);
1.85 (s, 3H); 1.17 (t, J = 7.6 Hz, 3H); 1.08 (s, 3H); 0.73 (s, 3H).; 13C-NMR (CDCl3): 198.8,
174.2, 138.2, 137.1, 79.6, 73.7, 70.1, 65.4, 49.0, 47.5, 43.7, 42.1, 36.9, 27.7, 18.4, 15.4, 9.1, 5.6.

4-O-hexanoyltrichothecolone (2c): 1H-NMR (CDCl3): 6.50 (dd, J = 5.7, 1.5 Hz, 1H);
5.54 (dd, J = 8.9, 3.7 Hz, 1H); 3.95 (d, J = 5.6 Hz, 1H); 3.93 (d, J = 5.1 Hz, 1H); 3.16
(d, J = 4.0 Hz, 1H); 2.90 (d, J = 15.5 Hz, 1H); 2.87 (d, J = 4.0 Hz, 1H); 2.63 (dd, J = 15.7,
8.0 Hz, 1H); 2.36 (t, J = 7.5 Hz, 2H); 2.31 (d, J = 15.5 Hz, 1H); 2.08 (ddd, J = 15.7, 5.1, 3.7
Hz, 1H); 1.85 (s, 3H); 1.64 (m, 2H); 1.33 (m, 4H); 1.08 (s, 3H); 0.91 (t, J = 6.8 Hz, 3H);
0.72 (s, 3H).; 13C-NMR (CDCl3): 198.8, 174.2, 138.2, 137.1, 79.6, 73.7, 70.1, 65.4, 49.0,
47.5, 43.7, 42.1, 36.9, 34.3, 31.3, 24.6, 22.3, 18.5, 15.4, 13.9, 5.7.

4,7-di-O-acetyltrichodermol (3a): 1H-NMR (CDCl3): 5.54 (m, 2H); 5.40 (br s, 1H);
3.86 (d, J = 4.7 Hz, 1H); 3.78 (d, J = 5.1 Hz, 1H); 3.15 (d, J = 3.3 Hz, 1H); 2.72 (d, J = 3.3
Hz, 1H); 2.50 (m, 2H); 2.11 (s, 3H); 2.08 (s, 3H); 1.89-2.06 (m, 2H); 1.72 (s, 3H); 1.11
(s, 3H); 0.85 (s, 3H).; 13C-NMR (CDCl3): 171.0 (2C), 138.1, 118.2, 79.7, 75.3, 72.7, 71.4,
65.1, 49.4, 47.3, 43.8, 36.7, 34.5, 22.4, 21.6, 21.1, 11.8, 7.8.

4-O-acetyl-7 -hydroxytrichodermol (3b): 1H-NMR (CDCl3): 5.55 (dd, J = 8.0, 4.1
Hz, 1H); 5.38 (br d, J = 5.4 Hz, 1H); 4.47 (dd, J = 9.9, 6.0 Hz, 1H); 3.87 (d, J = 4.8 Hz, 1H);
3.76 (d, J = 5.4 Hz, 1H); 3.15 (br s, 2H); 2.48 (dd, J = 15.2, 8.0 Hz, 1H); 2.26 (dd, J = 17.3,
6.0 Hz, 1H); 2.11 (s, 3H); 1.98-2.06 (m, 2H); 1.73 (s, 3H); 1.01 (s, 3H); 0.97 (s, 3H).;
13C-NMR (CDCl3): 171.0, 138.6, 118.8, 79.8, 75.4, 73.0, 68.4, 65.3, 49.6, 47.3, 44.9,
39.5, 36.8, 22.5, 21.1, 10.4, 8.1.

4-O-hexanoyl-7 -hydroxytrichodermol (3c): 1H-NMR (CDCl3): 5.56 (dd, J = 7.9,
4.1 Hz, 1H); 5.38 (br s, 1H); 4.49 (dd, J = 10.1, 5.8 Hz, 1H); 3.87 (d, J = 4.9 Hz, 1H);
3.78 (d, J = 5.7 Hz, 1H); 3.15 (br s, 2H); 2.49 (dd, J = 15.2, 8.0 Hz, 1H); 2.36 (m, 2H);
2.27 (dd, J = 17.5, 6.0 Hz, 1H); 2.00 (m, 2H); 1.73 (s, 3H); 1.65 (m, 2H); 1.34 (m, 4H);
1.01 (s, 3H); 0.99 (s, 3H); 0.91 (s, 3H).; 13C-NMR (CDCl3): 174.0, 138.6, 118.8, 79.8, 75.2,
73.0, 68.5, 65.3, 49.6, 47.3, 44.9, 39.5, 36.8, 34.4, 31.3, 31.2, 24.5, 22.3, 13.9, 10.4, 8.2.

7 -O-acetyl scirpene (4a): 1H-NMR (CDCl3): 5.55 (dd, J = 9.6, 6.3 Hz, 1H);
5.40 (m, 1H); 3.87 (d, J = 5.4 Hz, 1H); 3.76 (d, J = 4.8 Hz, 1H); 3.18 (d, J = 3.6 Hz, 1H);
2.78 (d, J = 3.9 Hz, 1H); 2.50 (dd, J = 17.4, 6.3 Hz, 1H); 2.21 (m, 1H); 1.84-2.11 (m, 3H);
1.72 (s, 3H); 1.60 (s, 3H); 1.54 (dd, J = 13.2, 4.5 Hz, 1H); 0.98 (s, 3H); 0.94 (s, 3H).;
13C-NMR (CDCl3): 170.1, 137.7, 119.0, 80.8, 72.9, 72.1, 66.0, 48.7, 45.9, 43.3, 34.7, 34.5,
26.5, 22.4, 21.6, 14.5, 11.7.
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7 -O-propanoylscirpene (4b): 1H-NMR (CDCl3): 5.58 (dd, J = 9.6, 6.2 Hz, 1H);
5.41 (br s, 1H); 3.88 (d, J = 5.7 Hz, 1H); 3.77 (d, J = 4.7 Hz, 1H); 3.19 (d, J = 3.7 Hz, 1H);
2.77 (d, J = 3.7 Hz, 1H); 2.50 (dd, J = 16.9, 6.3 Hz, 1H); 2.33 (m, 2H); 2.20 (m, 1H);
1.85-2.05 (m, 3H); 1.72 (s, 3H); 1.56 (m, 1H); 1.17 (t, J = 7.6 Hz, 3H); 0.98 (s, 3H); 0.93
(s, 3H).; 13C-NMR (CDCl3): 174.0, 137.8, 118.9, 80.9, 72.9, 71.9, 66.0, 48.7, 45.9, 43.3,
34.7, 34.5, 28.3, 26.5, 22.5, 14.6, 11.7, 9.0.

7 -O-hexanoylscirpene (4c): 1H-NMR (CDCl3): 5.57 (dd, J = 9.4, 6.3 Hz, 1H);
5.41 (br s, 1H); 3.87 (d, J = 5.3 Hz, 1H); 3.77 (d, J = 4.6 Hz, 1H); 3.18 (d, J = 3.6 Hz, 1H);
2.77 (d, J = 3.4 Hz, 1H); 2.50 (dd, J = 17.4, 6.3 Hz, 1H); 2.32 (m, 2H); 2.21 (m, 1H); 2.04
(m, 1H); 1.87 (m, 2H); 1.71 (s, 3H); 1.52-1.66 (m, 3H); 1.27-1.33 (m, 7H); 0.97 (s, 3H);
0.93 (s, 3H).; 13C-NMR (CDCl3): 172.9, 137.8, 118.9, 80.8, 72.9, 71.8, 66.0, 48.7, 45.9, 43.3,
34.7, 34.5, 31.3, 29.7, 26.5, 24.4, 22.5, 22.3, 14.6, 13.9, 11.8.

4-O-acetyl trichodermol (5a): 1H-NMR (CDCl3): 5.58 (dd, J = 7.8, 3.6 Hz, 1H);
5.42 (br s, 1H); 3.84 (d, J = 5.1 Hz, 1H); 3.62 (d, J = 5.4 Hz, 1H); 3.14 (d, J = 4.2 Hz, 1H);
2.85 (d, J = 4.2 Hz, 1H); 2.55 (dd, J = 15.3, 7.8 Hz, 1H); 2.10 (s, 3H); 1.98-2.05 (m, 4H);
1.73 (s, 3H); 1.45 (m, 1H); 0.95 (s, 3H); 0.73 (s, 3H).; 13C-NMR (CDCl3): 174.4, 140.2, 118.6,
79.2, 75.1, 70.5, 65.5, 49.0, 47.9, 40.5, 36.7, 28.0, 24.5, 23.2, 21.1, 16.0, 5.8.

4-O-propanoyl trichodermol (5b): 1H-NMR (CDCl3): 5.59 (dd, J = 7.8, 3.6 Hz, 1H);
5.42 (m, 1H); 3.84 (d, J = 5.2 Hz, 1H); 3.62 (d, J = 5.4 Hz, 1H); 3.14 (d, J = 4.0 Hz, 1H);
2.84 (d, J = 4.0 Hz, 1H); 2.55 (dd, J = 15.4, 7.8 Hz, 1H); 2.38 (q, J = 7.6 Hz, 2H); 1.91-2.03
(m, 4H); 1.73 (s, 3H); 1.43 (m, 1H); 1.16 (t, J = 7.6 Hz, 3H); 0.95 (s, 3H); 0.72 (s, 3H).;
13C-NMR (CDCl3): 174.4, 140.2, 118.6, 79.2, 74.9, 70.5, 65.5, 49.0, 47.9, 40.5, 36.7, 28.0,
27.8, 24.5, 23.3, 16.0, 9.2, 5.8.

4-O-hexanoyl trichodermol (5c): 1H-NMR (CDCl3): 5.59 (dd, J = 7.8, 3.6 Hz, 1H);
5.41 (m, 1H); 3.84 (d, J = 5.2 Hz, 1H); 3.62 (d, J = 5.1 Hz, 1H); 3.14 (d, J = 4.0 Hz, 1H);
2.84 (d, J = 4.0 Hz, 1H); 2.55 (dd, J = 15.0, 7.9 Hz, 1H); 2.37 (m, 2H); 1.99 (m, 4H);
1.63-1.73 (m, 6H); 1.34 (m, 7H); 0.95 (s, 3H); 0.93 (s, 3H).; 13C-NMR (CDCl3): 179.8,
140.2, 118.6, 79.2, 74.9, 70.6, 65.6, 49.0, 47.9, 40.5, 36.7, 34.4, 34.0, 31.3, 28.0, 24.6,
23.3, 22.3, 16.0, 13.9, 5.9.

ƒ∑∏‘Ï„π°“√¬—∫¬—Èß‡™◊ÈÕ¡“≈“‡√’¬·≈–ƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å¡–‡√Áß
°“√∑¥ Õ∫ƒ∑∏‘Ï „π°“√¬—∫¬—È ß ‡™◊È Õ¡“≈“‡√’¬ (Plasmodium falciparum) „™â “√

dihydroartemisinin ‡ªìπ “√¡“μ√∞“π ·≈–ƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å¡–‡√Áß™àÕßª“° (KB) ‡´≈≈å
¡–‡√ÁßªÕ¥ (NCI-H187) ·≈–‡´≈≈åª°μ‘ (Vero cells) ‚¥¬„™â “√ ellipticine ·≈– doxorubicin ‡ªìπ
 “√¡“μ√∞“π ‰¥â àß “√∑’Ë —ß‡§√“–Àå‰¥â‰ª∑¥ Õ∫ƒ∑∏‘Ï„π°“√¬—∫¬—Èß‡™◊ÈÕ¡“≈“‡√’¬·≈–ƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√
‡®√‘≠¢Õß‡´≈≈å¡–‡√Áß∑’Ë»Ÿπ¬åæ—π∏ÿ«‘»«°√√¡·≈–‡∑§‚π‚≈¬’™’«¿“æ·Ààß™“μ‘
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º≈°“√∑¥≈Õß
ªØ‘°‘√‘¬“ hydrogenation ¢Õß “√ 8-deoxy trichothecin (1) ¿“¬„μâ·°ä ‰Œ‚¥√‡®π·≈–

Pd/C ‰¥â “√ 9,10,2û,3û tetrahydro-8-deoxy trichothecin (1a) ·≈–ªØ‘°‘√‘¬“ acylation ¢Õß
trichothecolone (2), 7 -hydroxytrichodermol (3), 7 -hydroxyscirpene (4) ·≈– trichodermol (5)
°—∫ acylating agent ™π‘¥μà“ßÊ ·≈– pyridine ‚¥¬∑”°“√ªíòπ°«πªØ‘°‘√‘¬“‰«â¢â“¡§◊π ‡¡◊ËÕπ”
¡“·¬°·≈–∑”„Àâ∫√‘ ÿ∑∏‘Ï¥â«¬‡∑§π‘§‚§√¡“‚∑°√“øï ·≈–∑”°“√¬◊π¬—π‚§√ß √â“ß “√º≈‘μ¿—≥±å¥â«¬¢âÕ¡Ÿ≈
∑“ß ‡ª°‚∑√ ‚°ªï æ∫«à“‰¥â “√Õπÿæ—π∏å 12 ™π‘¥ ‰¥â·°à 4-O-acetyl trichothecolone (2a),
4-O-propanoyltrichothecolone (2b), 4-O-hexanoyltrichothecolone (2c), 4,7-di-O-acetyltrichodermol
(3a), 4-O-acetyl-7 -hydroxytrichodermol (3b), 4-O-hexanoyl-7 -hydroxytrichodermol (3c),
7 -O-acetyl scirpene (4a), 7 -O-propanoylscirpene (4b), 7 -O-hexanoylscirpene (4c),
4-O-acetyl trichodermol (5a), 4-O-propanoyl trichodermol (5b), ·≈– 4-O-hexanoyl trichodermol
(5c) ¡’‚§√ß √â“ß¥—ß√Ÿª∑’Ë 2 ·≈â«π” “√∑’Ë —ß‡§√“–Àå‰¥â‰ª∑¥ Õ∫ƒ∑∏‘Ï„π°“√¬—∫¬—Èß¡“≈“‡√’¬ ·≈–ƒ∑∏‘Ï„π°“√
¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å¡–‡√Áß™àÕßª“° (KB) ‡´≈≈å¡–‡√ÁßªÕ¥ (NCI-H187) ·≈–‡´≈≈åª°μ‘ (Vero cells)
º≈°“√∑¥ Õ∫· ¥ß¥—ßμ“√“ß∑’Ë 1

√Ÿª∑’Ë 2 ‚§√ß √â“ß “√ 1-5, 1a, 2a-2c, 3a-3c, 4a-4c ·≈– 5a-5c
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μ“√“ß∑’Ë 1 º≈°“√∑¥ Õ∫ƒ∑∏‘Ï„π°“√¬—∫¬—Èß¡“≈“‡√’¬ ·≈–ƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å¡–‡√Áß™àÕßª“°
(KB) ‡´≈≈å¡–‡√ÁßªÕ¥ (NCI-H187) ·≈–‡´≈≈åª°μ‘ (Vero cells) ¢Õß “√ 1-5 ·≈– “√Õπÿæ—π∏å
1a, 2a-2c, 3a-3c, 4a-4c, ·≈– 5a-5c

Cytotoxicity, IC50 (μM)

Compounds Antimalarial KB (Human NCI-H187
activity, epidermoid

SIa
(Human small

SIb
Vero cell

IC50 (μM) carcinoma in cell lung
the mouth) cancer cells)

1 4.491 0.239 18.26 0.565 7.73 4.365

1a inactive 15.85 1.05 2.51 6.61 16.59

2 17.180 7.453 2.82 9.042 2.31 21.000

2a 0.74 0.003 710 0.029 73.45 2.13

2b 0.964 0.874 1.97 0.112 15.375 1.722

2c 7.61 4.28 4.06 2.65 6.56 17.38

3 inactive 103.74 0.97 96.31 1.04 100.36

3a inactive Inactive - inactive - nontoxic

3b 6.19 0.003 4886.67 3.21 4.57 14.66

3c 0.57 0.000027 139259.25 0.063 59.68 3.76

4 inactive 4.634 5.47 14.38 1.76 25.37

4a inactive Inactive - inactive - nontoxic

4b inactive Inactive - inactive - nontoxic

4c inactive 106.12 0.72 75.44 1.01 75.96

5 7.151 0.020 343.5 0.843 8.15 6.87

5a 0.893 0.027 74.85 0.075 26.95 2.021

5b 1.319 0.003 387.33 0.082 14.17 1.162

5c 9.154 2.554 5.38 2.755 4.99 13.75

dihydroartemisinin 0.0045 - - -

ellipticine - 0.302 3.37 0.438 2.32 1.018

doxorubicine - 0.117 0.053 -

SIa = IC50†¢Õß “√„π‡´≈≈åª°μ‘/IC50 ¢Õß “√„π‡´≈≈å¡–‡√Áß™àÕßª“°
SIb = IC50†¢Õß “√„π‡´≈≈åª°μ‘/IC50 ¢Õß “√„π‡´≈≈å¡–‡√ÁßªÕ¥
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®“°º≈°“√∑¥ Õ∫ƒ∑∏‘Ï„π°“√¬—∫¬—Èß¡“≈“‡√’¬ ·≈–ƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å¡–‡√Áß
™àÕßª“° (KB) ‡´≈≈å¡–‡√ÁßªÕ¥ (NCI-H187) ·≈–‡´≈≈åª°μ‘ (Vero cells) ¢Õß “√Õπÿæ—π∏å∑’Ë —ß‡§√“–Àå
‰¥â æ∫«à“‡¡◊ËÕπ” “√ 8-deoxy trichothecin (1) ¡“∑”ªØ‘°‘√‘¬“ hydrogenation ∑”„Àâƒ∑∏‘Ï„π°“√¬—∫¬—Èß
¡“≈“‡√’¬ ·≈–ƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å¡–‡√Áß≈¥≈ß · ¥ß«à“æ—π∏–§Ÿà∑’Ëμ”·Àπàß 9, 10, 2û
·≈– 3û ¡’§«“¡ ”§—≠μàÕ°“√ÕÕ°ƒ∑∏‘Ï ·≈–‡¡◊ËÕ∑”°“√ —ß‡§√“–Àå “√Õπÿæ—π∏å‡Õ ‡∑Õ√åμà“ßÊ ¢Õß “√ 2
·≈–  “√ 3 æ∫«à“ “√Õπÿæ—π∏å 2a-2c, 3b ·≈– 3c · ¥ßƒ∑∏‘Ï„π°“√¬—∫¬—Èß¡“≈“‡√’¬ ·≈–ƒ∑∏‘Ï„π°“√¬—∫¬—Èß
°“√‡®√‘≠¢Õß‡´≈≈å¡–‡√Áß∑’Ë¥’°«à“ “√μ—Èßμâπ ‚¥¬‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ “√ 2a-2c ∑’Ë∑”°“√ª√—∫‡ª≈’Ë¬π®”π«π
§“√å∫Õπ¢ÕßÀ¡Ÿà·Õ≈§‘≈ ∑”„Àâ∑√“∫«à“‡¡◊ËÕ®”π«π§“√å∫Õπ‡æ‘Ë¡¢÷Èπ ƒ∑∏‘Ï„π°“√¬—∫¬—Èß¡“≈“‡√’¬ ·≈–ƒ∑∏‘Ï„π
°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å¡–‡√Áß°≈—∫≈¥≈ß „π¢≥–∑’Ë “√ 3a-3c æ∫«à“‡¡◊ËÕ®”π«π§“√å∫Õπ‡æ‘Ë¡¢÷Èπ
ƒ∑∏‘Ï„π°“√¬—∫¬—Èß¡“≈“‡√’¬ ·≈–ƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å¡–‡√Áß‡æ‘Ë¡¢÷Èπ¥â«¬ ÷́Ëß “√ 2a 3b
·≈– 3c · ¥ßƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å¡–‡√Áß™àÕßª“° (KB) ∑’Ë Ÿß¡“°¥â«¬§à“ IC50 ‡∑à“°—∫ 3, 3
·≈– 0.027 nM μ“¡≈”¥—∫ ·≈–¡’§à“ selectivity index ∑’Ë Ÿß ¥â«¬§à“ 710, 4886.67 ·≈– 139259.25
μ“¡≈”¥—∫ ´÷Ëß¡’ƒ∑∏‘Ï¥’°«à“ “√¡“μ√∞“π (ellipticine ·≈– doxorubicine) · ¥ß«à“À¡Ÿà§“√å∫Õπ‘≈∑’Ëμ”·Àπàß
8 ¢Õß “√ 2 ¡’§«“¡ ”§—≠μàÕ°“√· ¥ßƒ∑∏‘Ï„π°“√¬—∫¬—Èß¡“≈“‡√’¬·≈–ƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å
¡–‡√Áß∑’Ë‡æ‘Ë¡¢÷Èπ „π¢≥–∑’ËÀ¡Ÿà‡Õ ‡∑Õ√å∑’Ëμ”·Àπàß 7 ¢Õß “√ 3  àßº≈„Àâ “√ 3a ‰¡à¡’ƒ∑∏‘Ï„π°“√¬—∫¬—Èß
¡“≈“‡√’¬·≈–‰¡à¡’ƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å¡–‡√Áß  à«πÕπÿæ—π∏å‡Õ ‡∑Õ√å¢Õß “√ 4 æ∫«à“ àßº≈
„Àâ‰¡à¡’ƒ∑∏‘Ï„π°“√¬—∫¬—Èß¡“≈“‡√’¬·≈–‰¡à¡’ƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å¡–‡√Áß ¬°‡«âπ “√ 4c · ¥ß
«à“À¡Ÿà·∑π∑’Ë∑’Ëμ”·Àπàß 4 ¡’§«“¡ ”§—≠μàÕ°“√ÕÕ°ƒ∑∏‘Ï¢Õß “√„π°≈ÿà¡‰μ√‚§∑’́ ’ ´÷Ëß Õ¥§≈âÕß°—∫‚§√ß √â“ß
¢Õß “√ 5 æ∫«à“ “√Õπÿæ—π∏å 5a ·≈– 5b · ¥ßƒ∑∏‘Ï„π°“√¬—∫¬—Èß¡“≈“‡√’¬·≈–¡’ƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√‡®√‘≠
¢Õß‡´≈≈å¡–‡√Áß∑’Ë¥’°«à“ “√μ—Èßμâπ ‚¥¬‡©æ“– “√ 5b · ¥ßƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å¡–‡√Áß KB
∑’Ë Ÿß¡“°¥â«¬§à“ IC50 ‡∑à“°—∫ 3 nM ·≈–¡’§à“ selectivity index ∑’Ë Ÿß ‡∑à“°—∫ 387.33  ”À√—∫ƒ∑∏‘Ï„π
°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å¡–‡√ÁßªÕ¥ (NCI-H187) æ∫«à“ “√Õπÿæ—π∏å‡Õ ‡∑Õ√å¢Õß “√ 2, 3 ·≈– 5
· ¥ßƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å¡–‡√ÁßªÕ¥ (NCI-H187) ∑’Ë Ÿß°«à“ “√μ—Èßμâπ ¬°‡«âπ “√ 3a
·≈– 5c ‚¥¬ “√ 2a · ¥ßƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å¡–‡√ÁßªÕ¥ (NCI-H187) ∑’Ë Ÿß¥â«¬§à“
IC50 ‡∑à“°—∫ 0.029 μM ·≈–¡’§à“ selectivity index ‡∑à“°—∫ 73.45 ´÷Ëß¡’ƒ∑∏‘Ï Ÿß°«à“ “√ doxorubicine

 √ÿª·≈–«‘®“√≥åº≈°“√∑¥≈Õß
®“°°“√ —ß‡§√“–Àå “√Õπÿæ—π∏å¢Õß‰μ√‚§∑’´’ 1-5 ·≈â«∑”°“√¬◊π¬—π‚§√ß √â“ß “√∑’Ë —ß‡§√“–Àå

‰¥â¥â«¬‡∑§π‘§∑“ß ‡ª°‚∑√ ‚°ªï  “¡“√∂∑”°“√ —ß‡§√“–Àå “√Õπÿæ—π∏å‰¥â∑—ÈßÀ¡¥ 13 ™π‘¥ ·≈–‰¥âπ” “√
Õπÿæ—π∏å¥—ß°≈à“«‰ª∑”°“√∑¥ Õ∫ƒ∑∏‘Ï„π°“√¬—∫¬—Èß¡“≈“‡√’¬·≈–ƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å¡–‡√Áß
™àÕßª“° (KB) ‡´≈≈å¡–‡√ÁßªÕ¥ (NCI-H187) ·≈–‡´≈≈åª°μ‘ (Vero cells) æ∫«à“ “√ à«π„À≠à· ¥ß
ƒ∑∏‘Ï„π°“√¬—∫¬—Èß¡“≈“‡√’¬∑’Ë¥’°«à“ “√μ—Èßμâπ ¬°‡«âπ “√ 1a ·≈– 5c ·μàÕ¬à“ß‰√°Áμ“¡ƒ∑∏‘Ï„π°“√¬—∫¬—Èß
¡“≈“‡√’¬¬—ßÕàÕπ°«à“ “√Õâ“ßÕ‘ß ·≈–æ∫«à“ “√ 2a 3b 3c ·≈– 5b · ¥ßƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß
‡´≈≈å¡–‡√Áß™àÕßª“° (KB) ∑’Ë Ÿß¡“°¥â«¬§à“ IC50 ‡∑à“°—∫ 3, 3, 0.027 ·≈– 3 nM μ“¡≈”¥—∫ ·≈–
 “√ 2a · ¥ßƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß‡´≈≈å¡–‡√ÁßªÕ¥ (NCI-H187) ∑’Ë Ÿß¥â«¬§à“ IC50 ‡∑à“°—∫
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0.029 μM ÷́Ëß¡’ƒ∑∏‘Ï Ÿß°«à“ “√ doxorubicine ¥—ßπ—ÈπÀ¡Ÿà‡Õ ‡∑Õ√å∑’Ëμ”·Àπàß 4 ·≈–À¡Ÿà‰Œ¥√Õ° ‘́≈∑’Ë
μ”·Àπàß 7 „π‚§√ß √â“ß¢Õß “√Õπÿæ—π∏å¢Õß‰μ√‚§∑’´’¡’§«“¡ ”§—≠μàÕ°“√· ¥ßƒ∑∏‘Ï„π°“√¬—∫¬—Èß°“√‡®√‘≠
¢Õß‡´≈≈å¡–‡√Áß™àÕßª“° (KB) ·≈–‡´≈≈å¡–‡√ÁßªÕ¥ (NCI-H187)

°‘μμ‘°√√¡ª√–°“»
¢Õ¢Õ∫§ÿ≥‡ß‘π∑ÿπ π—∫ πÿπ°“√«‘®—¬®“°ß∫ª√–¡“≥·ºàπ¥‘π ¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤
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