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Synthesis and Cytotoxicity and Antimalarial activity

of Trichothecene Derivatives

Maneekarn Namsa-aid!”, Prasert Pattanaprateeb!,

and Apichart Suksamrarn®

ABSTRACT

A number of trichothecene derivatives were synthesized for cytotoxicity and
antimalarial activity study. The results showed that 4-O-hexanoyl-7a-hydroxytrichodermol (3c)
exhibited the most potent cytotoxicity against KB cells with IC;, 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 IC,,, value of 0.029 WM. 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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YN
15UseneY trichothecenes 1ilu Wﬂuﬂfjll sesquiterpenoids wuluiresrvarvsiia
Taun Fusarium, Myrotecium, Trichoderma, Cephalosporium, Verticimonosporium Wag

Stachyborrys [1] #ilase Sadagulii 1

U0 1 Tase $wwes 13Uszney trichothecenes

TA3e $19w09 19U32N0Y trichothecenes Jnagilsgnaudis 12,13-epoxide Wuszgil
fumi C9-C10 wagmyjumiiishumis 3, 4, 7, 8 uag 15 uennil 13U52NBY trichothecenes
anowiine191iuae macrocyclic ester Tnoidensondl C-4 uaz C-15 151 15 roridins uas

13 verrucarins Wud Hs wﬂunduﬁu asgnamedinmldvanavans 19y fgnsumaniy
wulavousaduziae [2-8] MmliiAaazgRAduAY wga (immunomodulation) [9] Havaufuiiy
seity (phytotoxicity) [10-12] SignaguiFesmane 199U [6, 13-15] nazfignashudemnan 3o
[16-17] hudu nnanATevesnduiitelddnm wesnguisinmnnisesioulalid KLAR 5
Faunldanfsduiudng  (Knema Lauring (Blume) Warb) [18] wu 1slungulaslafia
8-deoxy trichothecin (1), trichothecolone (2), 7a-hydroxytrichodermol (8), 7a-hydroxyscirpene
(4) uag trichodermol (5) &sfignalumsufamsiauousaduziiivanvasuazy aaqnslu
mafudagomaienn wla du adumae 1 sasiinenu seyiusvedlaslaiddens
pongmad e [16] edelsAmudiinumsnsaugnslumsiudimsissagveusaduzite
NCI-H187 uagqnslumsdudugomnanioves 1wnguildefigiselinndn  aideilfed
faquse 9dfes “uangieyiusues 13dnan ona sugnalunsdudusenmidonazqnalu
msdudamInsauesadug s

gUnsaluagiznaaes

15 1-5 1§nms Aanennniesienlalid KLAR 5 $auonldnnisiuiugh (Knema
Laurina (Blume) Warb.) Tagl$3smufiasldnoail3uds (18] dnhasanodunid 1wy acetone,
dichloromethane, ethyl acetate, hexane Wag methanol M3 q’l/l%TﬂEJmiﬂé"u 50U column
chromatography 1% silica gel (W@ 0.063-0.200 mm Uag < 0.063 mm) ¥4 Merck Mstiuiin
A R; 83 15lHuriy precoated silica gel 60 GF,y, wazayameumiaved 15uu TLC lagld
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waeamidiau vdannhleianfinnuenadu 254 wag 365 nm wazly 1Wsdieud (anisaldehyde
agent) miﬁ’uﬁﬂﬁﬁay,a "H- uay 13C-NMR 1%1a599 Bruker Avance 300 FT-NMR spectrometer
1 300 MHz “wi5U 'H-NMR uazi 75 MHz “wisu °C-NMR muaéu

ENAaed
M3 WATIEH 15 9,10,2°,3’-tetrahydro-8-deoxy trichothecin (1a)

wssnvIanunanlasmslasmeameud Tulasiou 1 wisndidanaz Pd/C asluwa
funasiefufisaiise mnifufin 13azme 8-deoxy trichothecin (1) 10 fadndy Jusmuea
nazilamsenmeldud lelasou Wunm 2 $ile ndwnmahlaisenh wazmenhns
nseadsaiiseneen Tnonsearu celite drgiAseINTOIANANINGY TimIszmednhazane
wld 13 Aavew adnhlihmauen 155 nidemaiiaredinilasnTnanil Tnsvzdie
10% ethyl acetate/hexane 2ld 13 9,10,2’,3’-tetrahydro-8-deoxy trichothecin (1a) 5.4 ia@n3u
wagmmistudulas Sadedeyams walns 1nd)

9,10,2°,3’-Tetrahydro-8-deoxy trichothecin (1a): "H-NMR (CDCly): 5.49 (dd,
J =178, 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 (¢, J = 7.3 Hz, 2H); 1.95
(ddd, J = 15.8, 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 (1, J = 7.4 Hz, 3H); 0.88 (d, J = 6.3 Hz, 3H);
0.69 (s, 3H); C-NMR (CDCl,): 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.

M3 AUATISH 150YWUTANY) Y09 15 2-5

M3 “uanesi 4-0-alkyl uag 4,7-di-O-alkyl esters ¥®9 trichothecolone (2),
7a-hydroxytrichodermol (8), 7a-hydroxyscirpene (4) uag trichodermol (5) Mlalaamsh 13
Fadunasanely pyridine w&udn acid anhydride wiiasheq Mntuvhmsiunugasens
i dloAaiiser shmafnhadily 1sazae wdnhms fadae ethyl acetate 3 A%
imssgmedihazaeaz]d 13 favew  udnhlihasuen 15193 ns&emaiiane il
TasmnInanil laeszaie 20% ethyl acetate/hexane 3l@ 1sHAnAsiuazmmstudulase 519

sHaafadedeyana walns Ind

4-O-acetyl trichothecolone (2a): "H-.NMR (CDCl,): 6.50 (dd, J = 5.8, 1.4 Hz, 1H);
5.53 (dd, J="7.8,3.7Hz, 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).; "°C-NMR (CDCl,):
198.8, 171.0, 138.2, 137.1, 79.6, 73.9, 70.1, 6b.5, 48.9, 47.5, 43.7, 42.1, 36.8, 21.1, 18.5,
154, 5.6.
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4-O-propanoyltrichothecolone (2b): "H-NMR (CDCl,): 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 (¢, 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 (¢, J = 7.6 Hz, 3H); 1.08 (s, 3H); 0.73 (s, 3H).; C-NMR (CDCly): 198.8,
174.2, 138.2, 137.1, 79.6, 73.7, 70.1, 656.4, 49.0, 47.5, 43.7, 42.1, 36.9, 27.7, 184, 154, 9.1, b.6.

4-0-hexanoyltrichothecolone (2¢): "H-NMR (CDCl,): 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 (z, J = 6.8 Hz, 3H);
0.72 (s, 3H).; C-NMR (CDCl,): 198.8, 174.2, 138.2, 137.1, 79.6, 73.7, 70.1, 65.4, 49.0,
475, 43.7, 42.1, 36.9, 34.3, 31.3, 24.6, 22.3, 18.5, 154, 13.9, 5.7.

4,7-di-O-acetyltrichodermol (3a): "H-NMR (CDCly): 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).; C-NMR (CDCly): 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, 224, 21.6, 21.1, 11.8, 7.8.

4-0-acetyl-7Ta-hydroxytrichodermol (3b): "H-NMR (CDCl,): 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, 38H); 1.98-2.06 (m, 2H); 1.73 (s, 3H); 1.01 (s, 3H); 0.97 (s, 3H).;
"C-NMR (CDCly): 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, 104, 8.1.

4-0-hexanoyl-7a-hydroxytrichodermol (3¢): 'H-NMR (CDCl,): 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) ; C-NMR (CDCly): 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.

Ta-O-acetyl scirpene (4a): 'H-NMR (CDCl,): 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, 38H); 1.54 (dd, J = 13.2, 4.5 Hz, 1H); 0.98 (s, 3H); 0.94 (s, 3H).;
C-NMR (CDCl,): 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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7a-O-propanoylscirpene (4b): 'H-NMR (CDCl,): 5.58 (dd, J = 9.6, 6.2 Hz, 1H);
541 (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 (¢, J = 7.6 Hz, 3H); 0.98 (s, 3H); 0.93
(s, 3H).: BC.NMR (CDCls): 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.b, 22.5, 14.6, 11.7, 9.0.

7a-O-hexanoylscirpene (4¢): "H-NMR (CDCl,): 5.57 (dd, J = 9.4, 6.3 Hz, 1H);
541 (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 = 8.4 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).: BC.NMR (CDCIS): 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): "H-NMR (CDCl,): 5.58 (dd, J = 7.8, 3.6 Hz, 1H);
542 (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) *C-NMR (CDCls): 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): "H-NMR (CDCl,): 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 (¢, 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).;
C.NMR (CDCI3): 174.4, 140.2, 118.6, 79.2, 74.9, 70.5, 656.5, 49.0, 47.9, 40.5, 36.7, 28.0,
27.8, 24.5, 23.3, 16.0, 9.2, 5.8.

4-0-hexanoyl trichodermol (5c¢): "H-NMR (CDCl,): 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, 7TH); 0.95 (s, 3H); 0.93 (s, 3H).; "°C-NMR (CDCl,): 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.

qm’éiun1s€1’u§'u§au1a1;’§au,a3qw§slums§'u§'qmsm§mﬂmmaéusﬁa

n1INa aqu%glumiéjugu%lﬂu”lmﬁﬂ (Plasmodium falciparum) 14 s
dihydroartemisinin iy 1TINITY LLazqwéiuﬂWié’uéy’qﬂWiLi]'%iuu%mL%aémﬁaﬁﬁmmﬂ (KB) 1ad
Nzisalea (NCI-H187) wazisadind (Vero cells) lagls 13 ellipticine uag doxorubicin i

wsnasg 18 150 “uanzdldlune eugnslumstudagesnanseuazqnalumsdudans

Wigousaduziiiguiiugimarmuazmaluladdinmurnd
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WaN1INAaIN

UAA391 hydrogenation ¥®4 15 8-deoxy trichothecin (1) moldud lalasiauuas
Pd/C 1¢ 15 9,10,2°.3° tetrahydro-8-deoxy trichothecin (1a) uazifazen acylation ¥03
trichothecolone (2), 7a-hydroxytrichodermol (8), 7a-hydroxyscirpene (4) wag trichodermol (5)
AU acylating agent %A@ uag pyridine Tﬂw‘hmaﬂumuﬂﬁﬁ%ﬂﬁ'mﬁu Lﬁaﬁ”l
wuonnasiliy nidemaiialasnnanil uaghmstudulas $u rndafarddedoya
ne walng 1nd wudld seyius 12 afia lduA 4-O-acetyl trichothecolone (2a),
4-O-propanoyltrichothecolone (2b), 4-O-hexanoyltrichothecolone (2¢), 4,7-di-O-acetyltrichodermol
(3a), 4-O-acetyl-7a-hydroxytrichodermol (8b), 4-O-hexanoyl-7a-hydroxytrichodermol (3c),
7Ta-O-acetyl scirpene (4a), 7a-O-propanoylscirpene (4b), 7a-O-hexanoylscirpene (4c),
4-0-acetyl trichodermol (5a), 4-O-propanoyl trichodermol (5b), uag 4-O-hexanoyl trichodermol
(5¢) dlasq %?Néfq;iﬂﬁ 2 udwh 190 “uanzildling eugnslumssudunmde wazgnalums
fufamassyvensaduzifideahn (KB) waduzBulen (NCLH187) naziwadund (Vero cells)
KAMINA UL ARIMINT 1

H,C

H;C

(2) R=H (3) R=H;R'=H

(2a) R = COCH; (3a) R = COCHg; R' = COCH;
(2b) R = COCH,CH; (3b) R = H; R'= COCH,

(2¢) R = CO(CH,),CH; (3c) R = H; R' = CO(CH,),CHs

(4 R=H
(4a) R = COCH,

(4b) R = COCH,CH,
(4¢) R = CO(CH,),CHs

(5) R=H
(5a) R = COCHj

(5b) R = COCH,CH,
(5¢) R = CO(CH,),CHs

gﬂﬁ 2 1asq 519 15 1-5, 1a, 2a-2¢, 3a-3c¢, 4a-4¢ Uay 5a-5¢
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M3 1 Wamma sugns lumsdudanaise nazqns lumsdudamsinsyveusaduziseesthn

(KB) isaduzi5a)on (NCI-H187) uazisadind (Vero cells) vo4 13 1-5 uag 130yius
1la, 2a-2¢, 3a-3c, 4a-4c, Lay 5a-bc

Compounds

la

2

2a

2b

2¢

3

3a

3b

3c

4

4a

4b

4c

5

5a

5b

5¢
dihydroartemisinin
ellipticine

doxorubicine

Antimalarial
activity,
IC50 (M)

4.491
inactive
17.180
0.74
0.964
7.61
inactive
inactive
6.19
0.57
inactive
inactive
inactive
inactive
7.151
0.893
1.319
9.154

0.0045

KB (Human
epidermoid
carcinoma in

the mouth)
0.239

15.85
7.453
0.003
0.874
4.28
103.74
Inactive
0.003
0.000027
4.634
Inactive
Inactive
106.12
0.020
0.027
0.003
2.5564
0.302

0.117

Cytotoxicity, IC5q (M)

SI?

18.26
1.05
2.82
710
1.97
4.06
0.97

4886.67

139259.25

5.47

0.72
343.5
74.85

387.33

5.38

3.37

NCI-H187
(Human small
cell lung

cancer cells)

0.565
2.51
9.042
0.029
0.112
2.65
96.31
inactive
3.21
0.063
14.38
inactive
inactive
75.44
0.843
0.075
0.082
2.755
0.438

0.053

SI' = IC;, ¥®4 15luadUad/IC,, ves 15lusaduzisatesthn

SI" = IC,, ¥4 15luwadund/IC,, ved 1Thusaduzisaen

7.73
6.61
2.31
73.45
15.375
6.56

1.04

4.57
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