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2.3 Synthesis of Substituted frans-Cinnamic Acid Derivatives

2.3.1 Synthesis of frans-Cinnamate Esters

General Procedure”

Substituted cinnamic acids (0.001 mol) and selected alcohol (0.01 mol) were
added into the round bottom flask, then 0.03 mL of concentrated sulfuric acid was
dropped. The mixture was refluxed for 5 hours. After that the mixture was extracted
twice with 10 mL of diethyl ether. The combined extracts were washed twice by
NaHCO;3, dried over Na;SO4 anhydrous aporated in vacuum and the residue was

i\

fractionally distilled to give

Fifty substituted cirnifias ; &ized and sixty-five substituted

cinnamate esters structuiessa snlayved as show sBigure 2.1.

Cpds R* R’
S00 H H
S01 7 H H
S02 (g SE—— ) H H
S03 .- H H
S04  CH,CH; H H
S05 ? H H
wo  olpl ﬂﬂﬁﬁﬂﬂ“lﬂ% ;
S07  CH,CHs H ¢ Br H
wq ARl I MRy
CH,CH; H
S10  CH,CH; cl H H H C
S11  CH,CH; H cl i H
S12  CH,CHs cl H H H F

Figure 2.1 Structures of synthesized substituted cinnamate esters



S33*  CH,CH; E @ H
S34*  CH,CH;

;@;ua'gmmwmm
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S39 CHZCH3

Cpds R R' R? R’ R? R°
S13  CH,CH;  OCH; H H H H
S14  CH,CH; H OCH; H H H
S15  CH,CH; H H OCH; H H
S16  CH,CH; H H OC,H, H H
S17  CH,CH; H H OCeH 3 H H
S18  CH,CH; H H 0CsH,7 H H
S19  CH,CH; H OC:Hys H H
S20  CH,CH; H H H
S21  CH,CH; H H
S22 CH,CH; H H
$23  CH,CH; H H
$24  CH,CH; H H
S25  CH,CH; H H
S26  CH,CH; H H
$27  CH,CH; H H
S28  CH,CH; H H
$29  CH,CH; OCH; H
$30  CH,CH; H H
S31  CH,CH _ OCH; H
$32  CHCHy 7—H——0O€ty——0¢tsy | OCH; H

H

H

H

H

H

H

H
S40  CH,CH; H H CH; H H
S41  CH,CH; H H  CH(CH;), H H
S42  CH,CH; H H C(CH3); H H
S43  CH,CH; H H CF; H H

Figure 2.1 (cont.)
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Cpds R R' R’ R} R* R®
S44  CH,CH; H CN H H H
S45  CH,CH; H H CN H H
S47 CH; H H H H H
S48 CH; Cl H H H H
S49 CH; H H CH; H H
S50 CH; H H OCH; H H
S51  (CH,);CHs H H H H H
$52  (CH,);CHs H H
S53* (CH,);CH; H H
S54* H H
S55% H H
S56* H H
S57* _""‘O H H
S58+ e H H
S59+ @. H H
‘a (Y
o —WUINYUNINYINGT ¢
S‘“aﬁ%aﬁmﬁma%mé’a "
S62% ‘Q OCH,O H
S63%* \/\O H H H H H
S64%* \/\O H H H H H

Figure 2.1 (cont.)
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Figure 2.1 (cont.)

*These compounds were kindly donated from Ms. Sujittra Deesamer.'’

Ethyl cinnamate (S00): Yell
50%); "H-NMR (CDCl3) & (p
(Ar-H, 5H), 6.44 (d, J =
-OCH;-)and 1.34 (t, J=7

(79 %), R¢ 0.73 (hexane/ethyl acetate
5 83 Hz, 1H, Ar-CH=), 7.53-7.37
) 426 (g, J = 1.04 Hz, 2H,

Ethyl 3-fluoroci, ale “yellow liquid (72 %), Re 0.68
(hexane/ethyl acetate 5 f \ e .67 (d, J = 15.83 Hz, 1H,
Ar-CH=), 7.42-7.07 (Ar- b \\ H, =CH-COOR), 4.31 (g, J
=7.62 Hz, 2H, -OCH,- " \‘f

Ethyl 4-fluoro liquid (82 %), Ry 0.70
(hexane/ethyl acetate 50%); IRA(EDCL) & (Bpm): 7.68 (d, J = 15.83 Hz, 1H,
Ar-CH=), 7.55 (dd, J = 8.80, 82i-fiz, , 711 (1, J = 8.80 Hz, 2H, Ar-H),
6.40 (d, J=15.83 Hz, 1H, = : 7 43 = 7.04 Hz, 2H, -OCH,-) and 1.37
(t,J=17.04 Hz, 3H, ;F.=i:

Ethyl 2-chlorociy

uid (65 %), Ry 0.66
(hexane/ethyl acetate 568%); 'H-NMR (CDCl;) & (ppm)*8.13 (d, J = 16.40 Hz, 1H,

Ar-CH=), 7.66 ﬁ iw 1H, Ar-H), 7.34-7.30
(Ar-H, 2H), 6@“ %ﬂﬂﬁ (g;]ﬁ‘ﬁ . = 7,03 Hz, 2H,
-OCHj;-) and 1 3 (t,J=1.62 Hz, 3H§ -CH3).

RN BN BARL. = 0
(hexane/eﬁlyl acetate 50%); 'H-NMR (CDCls) & (ppm): 7.65 (d, J = 16.40 Hz, 1H,
Ar-CH=), 7.54 (s, 1H, Ar-H), 7.44-7.35 (Ar-H, 3H), 6.47 (d, J= 16.40 Hz, 1H, =CH-
COOR), 4.30 (¢, J = 7.62 Hz, 2H, -OCHj,-) and 1.37 (¢, /= 7.62 Hz, 3H, -CHj).

Ethyl 4-chlorocinnamate (S05): Pale yellow liquid (38 %), R¢ 0.73
(hexane/ethyl acetate 50%); 'H-NMR (CDCl3) 6 (ppm): 7.67 (d, J = 15.83 Hz, 1H,
Ar-CH=), 7.49 (d, J = 8.80 Hz, 2H, Ar-H), 7.39 (d, J = 8.21 Hz, 2H, Ar-H), 6.44 (d, J
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= 15.83 Hz, 1H, =CH-COOR), 4.30 (g, J = 7.62 Hz, 2H, -OCH,-) and 1.37 (¢t, J =
7.04 Hz, 3H, -CH3).

Ethyl 2-bromocinnamate (S06): Pale yellow liquid (56 %), Rf 0.63
(hexane/ethyl acetate 50%); 'H-NMR (CDCl3) & (ppm): 8.08 (d, J = 15.82 Hz, 1H,
Ar-CH=), 7.64 (dd, J = 8.20, 7.62 Hz, 2H, Ar-H), 7.36 (¢, J = 8.20 Hz, 1H, Ar-H),
7.26 (t,J=17.62 Hz, 1H, Ar-H), 6.42 (d, J = 15.82 Hz, 1H, =CH-COOR), 4.32 (¢, J =
7.03 Hz, 2H, -OCH;-) and 1.38 (¢, J = 7.03 Hz, 3H, -CH3).

Ethyl 3-bromocinnamate (S07): Pale yellow liquid (68 %), Ry 0.68
(hexane/ethyl acetate 50%); 'H-NMR \ )C14) 6. (ppm): 7.70 (s, 1H, Ar-H), 7.63 (d, J
= 15.82 Hz, 1H, Ar-CH=), ;’;:\x * ’ Fla® e Ar-H), 7.47 (d, J=7.62 Hz, 1H,
Ar-H), 7.30 (¢, J = 7.03 HagebgAr-H), 6. 2 Hz, 1H, =CH-COOR), 4.30

(¢, J = 7.03 Hz, 2H, -OCH ) anda’37 (4 J= 7.03-Hz, 31, -CH;).
Ethyl 4-bromocin J liquid (76 %), R¢ 0.69
(hexane/ethyl acetate $0% R (CDEk) 8\(ppm)*7.65 (d, J = 16.42 Hz, 1H,

30 Hz, 2H, Ar-H), 6.46 (d, J
, -OCH,-) and 1.37 (¢, J =

Ar-CH=), 7.55 (d, J = 8
= 15.83 Hz, 1H, =CH-QOO
7.04 Hz, 3H, -CH3).

Ethyl 2,4-dichloroci viscous oil (80 %), Rf 0.70
(hexane/ethyl acetate 50%); 'I—{— 7 1.0 (ppm): 8.03 (d, J = 15.82 Hz, 1H,
Ar-CH=), 7.58 (d, J =8 2H, Ar-¥ ), 6.44 (d, J = 16.40 Hz,
1H, =CH-COOR), 4 T‘TQ—_J 37 (¢, J = 7.03 Hgz, 3H,

-CH5). m

Ethyl 2, 6-dzchlo§ocmnamate (SlO Yellow 11qu1d (84 %), Rf 0.60

(hexane/ethyl tﬂﬁ;f}}!ﬂlﬁm w ﬁﬂ ﬂsfjd J =16.40 Hz, 1H,

Ar-CH=), 7.38 @ J = 8.20 Hz, 2H, Ar—H) 7.21 (¢, J= 8.20 Hz, 1H, Ar-H), 6.62 (d, J

;;;;qmmﬁﬁm ATV e

Ethyl 3,4-dichlorocinnamate (S11): Yellow viscous oil (84 %), Rf 0.60
(hexane/ethyl acetate 50%); '"H-NMR (CDCl3) & (ppm): 7.61 (s, 1H, Ar-H), 7.57 (d, J
=16.40 Hz, 1H, Ar-CH=), 7.46 (d, J = 8.20 Hz, 1H, Ar-H), 7.35 (d, J = 8.20 Hz, 1H,
Ar-H), 6.42 (d, J = 16.40 Hz, 1H, =CH-COOR), 4.27 (g, J = 7.03 Hz, 2H, -OCH>-)
and 1.34 (1, J=7.03 Hz, 3H, -CH3).
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Ethyl 2-chloro-6-fluorocinnamate (S12): Brown liquid (73 %), Rf 0.65
(hexane/ethyl acetate 50%); IR (neat, cm"): 3081, 2984, 2937, 1715, 1637, 1602,
1567, 1450, 1369, 1310, 1271 and 1174; 'H-NMR (CDCl3) & (ppm): 7.91 (d, J =
16.40 Hz, 1H, Ar-CH=), 7.27-7.06 (Ar-H, 3H), 6.73 (d, J = 16.40 Hz, 1H,
=CH-COOR), 4.30 (¢, J = 6.44 Hz, 2H, -OCH>-) and 1.36 (¢, J = 7.03 Hz, 3H, -CH3);
3C-NMR (CDCl3) & (ppm): 166.8 (-COO-), 130.7, 130.6, 125.9, 125.4, 125.3 and
114.8 (aromatic carbons), 134.6 and 115.0 (olefinic carbons), 60.8 (-OCH;-) and 14.3

(-CHa).
fy/xe shown in Figures A.1-A.3. (see

The FT-IR, 'H and "*C-
Appendix A)
ppm): 8.03 (d, J = 15.82 Hz, 1H,
738 ; . 0 Hz, 1H, Ar-H), 7.02-6.94
(Ar-H, 2H), 6.56 (d, 1 o *. R),4.30 (g, J = 7.03 Hz, 2H,
-OCH;-), 3.93 (s, 3H, - 0 g\ \ \ -CH3).

Ethyl 3-methoxy, e @ liquid (90 %), R¢ 0.57
(hexane/ethyl acetate 50% M\g S :-"._4' 8T o\n : 169 (d, J= 15.82 Hz, 1H,
Ar-CH=), 7.34 (1, J = 7.03 iz, - Ar-H) 6 @d, J = 7.62 Hz, 1H, Ar-H), 7.08
(s, 1H, Ar-H), 6.97 (d, J = 820 Hz, 1 Ar-H), 6.46 (d, J = 1640 Hz, 1H,
=CH-COOR), 430 (g 30 CH. : ,-OCH;) and 138 (1, J =
7.03 Hz, 3H, -CH3). LF Y

Ethyl 4-mezho§:inn ello liquid (82 %), R¢ 0.65
(hexane/ethyl acetate 50%)AH-NMR (CD(&!}) S (ppm): 7.68 (d, J = 16.42 Hz, 1H,

Ar-CH=), 7.52ﬁ ﬁ%})‘%ﬂ{ﬂr!ﬂ ﬁ%mm 2H, Ar-H), 6.35 (d, J

= 15.83 Hz, 1H}|=CH-COOR), 429 (@ F = 703 Hz, '2H, -OCHz) 3.88 (s. 3H,

ocn:@ﬁﬁogcnjﬂgﬁ:llmaﬁ E-l %), Ry 0.68

(hexane/ethyl acetate 50%); '"H-NMR (CDCls) & (ppm): 7.67 (d, J = 15.82 Hz, 1H,
Ar-CH=), 7.50 (d, J= 8.79 Hz, 2H, Ar-H), 6.92 (d, J = 8.20 Hz, 2H, Ar-H), 6.34 (d, J
= 15.82 Hz, 1H, =CH-COOR), 4.29 (g, J = 7.03 Hz, 2H, -OCH-), 4.02 (t, J = 6.44
Hz, 2H, -OCH3-), 1.81 (quin, J=7.03 Hz, 2H, -CH;-), 1.48-1.58 (m, 2H, -CH,-), 1.37
(t,J=17.03 Hz, 3H, -CH3) and 1.01 (¢, /= 7.62 Hz, 3H, -CHj3).

Ar-CH=), 7.54 (d, J="T.
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Ethyl 4-hexyloxycinnamate (S17): Pale yellow liquid (44 %), R¢ 0.63
(hexane/ethyl acetate 50%); '"H-NMR (CDCl;) & (ppm): 7.67 (d, J = 15.82 Hz, 1H,
Ar-CH=), 7.50 (d, J = 8.79 Hz, 2H, Ar-H), 6.92 (d, J = 8.20 Hz, 2H, Ar-H), 6.34 (d, J
= 15.82 Hz, 1H, =CH-COOR), 4.29 (¢, J = 7.03 Hz, 2H, -OCH;-), 4.01 (¢t, J = 6.44
Hz, 2H, -OCH,-), 1.82 (quin, J = 7.03 Hz, 2H, -CH,-), 1.50-1.32 (m, 9H, 3x-CH,-,
-CH3) and 0.94 (¢, /= 7.03 Hz, 3H, -CH3).

Ethyl 4-octyloxycinnamate (S18): Yellow viscous oil (50 %), R¢ 0.73
(hexane/ethyl acetate 50%); IR (neat, cm™): 3015, 2929, 2859, 1707, 1633, 1602,
1513, 1466, 1302, 1248 and 11665+ H NME (€ DCl3) 6 (ppm): 7.67 (d, J = 15.82 Hz,
1H, Ar-CH=), 7.50 (d, J = 8: *4 H, AeM)#6.22 (d, J = 8.79 Hz, 2H, Ar-H), 6.33
(d,J=15.82 Hz, 1H, = z, 2H, -OCH3y-), 4.01 (t, J =
6.44 Hz, 2H, -OCH;-), Kt -CH;-), 1.50-1.32 (m, 13H, 5x
-CH,-, -CH3) and 0.9271, } \\ . = (CDCl3) & (ppm): 167.5
(-C00-), 161.0, 129.7(2x 200 1 4.8 (2% aromatic carbons), 144.4 and
115.5 (olefinic carbonsf, 6624 §0.47-OCH,Y. 318, 9.4, 293, 292, 26.0, 22.7
(-CH,-), 14.4 and 14.1 (- 4 \ \

The FT-IR, 'H an NMR d 8 a nown in Figures A.4-A.6. (see

Appendix A) F— :
Ethyl 4-dodecyloxycinn Yellow viscous oil (35 %), R¢ 0.70

- A
(hexane/ethyl acetates50%) VIR (CDCl; A): ##67 (d, J = 15.82 Hz, 1H,

Ar-CH=), 7.50 (d, J £832 130]Hz, 2H, Ar-H), 6.33 (d, J
= 15.82 Hz, 1H, —cnﬂo , ,, 2@ -OCH3-), 4.01 (1, J = 6.44
Hz, 2H, -OCHy), 1.82 (quin, J = 7.03 Hz, 2H, -CHy-), 1.52-1.30 (m, 21H, 9x-CHr-,

_CH3) mdo9ﬂﬁ@%wﬂﬂjw g1n3

Ethyl 4-1}:nzyloxycmnamate (S20): White crystal (30 %) m.p. 58-60°C

(diethy @1] aw ‘? <y MR (CDCl5)
8 (ppmwar =16, It[wwj nﬂgj , Ar-H), 7.47-
7.37 (m, SH, Ar-H), 7.01 (d, J = 8.20 Hz, 2H, Ar-H), 6.34 (d, J = 16.40 Hz, 1H,
=CH-COOR), 5.14 (s, 2H, -OCH,-), 4.29 (¢, J = 7.03 Hz, 2H, -OCH;-) and 1.37 (¢, J
=7.03 Hz, 3H, -CH3).

Ethyl 4-phenoxycinnamate (S21): Pale yellow liquid (57 %), Rf 0.68
(hexane/ethyl acetate 50%); '"H-NMR (CDCl3) 6 (ppm): 7.66 (d, J = 16.40 Hz, 1H,
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Ar-CH=), 7.42-7.05 (m, 9H, Ar-H), 6.41 (d, J = 16.40 Hz, 1H, =CH-COOR), 4.29
(g, J=17.03 Hz, 2H, -OCH;-) and 1.36 (1, J= 7.03 Hz, 3H, -CHj3).

Ethyl 4-butyloxy-3-methoxycinnamate (S22): Brown solid (81 %), m.p.
66-68°C (diethyl ether), Ry 0.63 (hexane/ethyl acetate 50%); 'H-NMR (CDCls) &
(ppm): 7.66 (d, J=15.82 Hz, 1H, Ar-CH=), 7.12 (s, 1H, Ar-H), 7.09 (d, J = 7.03 Hz,
1H, Ar-H), 6.89 (d, J = 8.20 Hz, 1H, Ar-H), 6.34 (d, J = 15.82 Hz, 1H, =CH-COOR),
429 (g, J = 7.03 Hz, 2H, -OCH3-), 4.08 (t, J = 7.03 Hz, 2H, -OCH3;-), 3.92 (s, 3H,
-OCH3), 1.87 (quin, J=7.62 Hz, 2H, -CH;-), 1.53(m, 2H, -CH,-) 1.37 (¢, J= 7.03 Hz,

823): Pale yellow liquid (81 %), R¢
0.63 (hexane/ethyl acetate ); IR ( J200252929, 2859, 1703, 1633, 1594,

1509, 1466, 1420, 1302, G -/ 60 Cls) 8 (ppm): 7.63 d, J =

15.82 Hz, 1H, Ar-CH=), \ .20 Hz, 1H, Ar-H), 6.86 (d,

J =820 Hz, 14, Ar-HY, 630 @UF 158; \ COOR), 4.26 (g, J = 7.03
Hz, 2H, -OCH,-), 4.04 4 #7034 03“ 3.90)s, 3H, -OCH3), 1.86 (quin,
J=1.62 Hz, 2H, -CHz ) 431 85 (s 98- C ‘ OH;) and 0.89 (1, J = 6.44 Hz,
3H, -CHs); C-NMR (CDEL 6 4pin)- 16799-GO0s), 150.7, 144.6, 127.2, 122.6,

W el
Pt

112.2 and 109.9 (aromati 3 2 115.7 (olefinic carbons), 56.0
(-OCH3), 69.0, 60.4 (-OCH,-), 3 = 26(CH2) 14.4 and 14.1 (-CHa).
The FT-IR, 'H, and' in Figures A.7-A.9. (see
Appendix A) f_ )
Ethyl 4-octyloxﬁ-m 4). Y%)w liquid (48 %), R¢ 0.69
(hexane/ethyl acetate 50°,/f)'=LH-NMR (CDq}) S (ppm): 7.65 (4, J = 16.40 Hz, 1H,

Ar-CH=), 7. 11ﬁ !H &lﬁﬂ ﬂﬂzgﬁﬁz%zﬂﬂmﬁss (d, J = 8.20 Hz,

1H, Ar-H), 6.33{, J=16.40 Hz, lH =CH- COOR) 4.31-3.96 (m 2H, -OCH>-), 3.92
ony AN RYTTTEIm e 6o
-CH3).

Ethyl 4-dodecyloxy-3-methoxycinnamate (S25): Yellow needle crystal (50 %),
m.p. 44-46°C (diethyl ether), R 0.68 (hexane/ethyl acetate 50%); IR (KBr, cm"):
2921, 2848, 1711, 1633, 1594, 1509, 1466, 1415, 1310, 1260, 1166 and 1143; 'H-
NMR (CDCl;) & (ppm): 7.66 (d, J = 16.38 Hz, 1H, Ar-CH=), 7.12 (s, 1H, Ar-H), 7.09
(d, J = 6.40 Hz, 1H, Ar-H), 6.89 (d, J = 7.80 Hz, 1H, Ar-H), 6.34 (d, J = 15.60 Hz,
1H, =CH-COOR), 4.29 (¢, J = 7.02 Hz, 2H, -OCH;-), 4.07 (¢, J = 7.02 Hz, 2H,
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-OCH3-), 3.93 (s, 3H, -OCHj3), 1.90-1.28 (m, 23H, 10x-CH;-, -CH3) and 0.91 (¢, J =
7.03 Hz, 3H, -CH3); *C-NMR (CDCl3) & (ppm): 167.4 (-COO-), 150.7, 144.7, 127.2,
122.6, 112.2 and 109.9 (aromatic carbons), 149.4 and 115.7 (olefinic carbons), 56.0
(-OCHs3), 69.0, 60.4 (-OCH,-), 32.0, 29.7 (2x1C), 29.7, 29.6, 29.6, 29.4, 29.0, 25.9,
22.7 (-CHj-), 14.4 and 14.2 (-CH3).

The FT-IR, 'H and *C-NMR of $25 are shown in Figures A.10-A.12. (see
Appendix A)

Ethyl 4-benzy10xy-3-methoxycinnamate (S26): Yellow solid (73 %), m.p.
61-62°C (diethyl ether) (lit.** 64°€); yexane/ethyl acetate 50%); '"H-NMR
(CDCl3) & (ppm): 7.61 (d, J =158 \\ = )s 7.44-7.31 (m, SH, Ar-H), 7.07
(s, 1H, Ar-H), 7.03 (d, J . ,J=8.20 Hz, 1H, Ar-H), 6.30
(dJ=1582Hz 1H, = -H,-), 4.26 (g9, J= 7.03 Hz, 2H,
-OCHz3-), 3.90 (s, 3H, H, -CH3).

Ethyl 2,3-dimeé liquid (67 %), Rf 0.70
§.00 (d, J = 15.82 Hz, 1H,

(hexane/ethyl acetate

Ar-CH=), 7.16 (d, J = 2034 ArH), 7.06 6, J= 8.20 Hz, 1H, Ar-H), 6.94
; ' ;Ef} 4
(d,J=1.03 Hz, 1H, Ar-H)ff6. (»‘?1,‘4;;7;3 .82 Hz, 1H,=CH-COOR), 4.27 (¢, J = 7.03

Hz, 2H, -OCH-), 3.88 (s, 3H, -QEHs). 3. 8% (31U OCH;) and 1.35 (1, J = 7.03 Hz,
3H, -CHS). - =

Ethyl 2,4-dimeghosieinncs o liquid (89 %), R¢ 0.55
(hexane/ethyl acetath $09%); "H-NME (CDCE) b4 (d, J = 15.82 Hz, 1H,
Ar-CH=), 747 (d, J ﬁ 20 F 7653 (d, JI+ 8.79 Hz, 1H, Ar-H), 6.49
(s, 1H, Ar-H), 6.47 (d, Jr=.16.40 Hz, 1H, ZCH-COOR), 4.28 (g, J = 7.62 Hz, 2H,

-OCH»), 3. 9oﬁ u ﬁ@ % ﬁ] m ‘W:H'i]xﬂ §§ (t, J = 7.03 Hz, 3H,

-CHs)

MR i ey e 1S o

Ar-CH=), 7.08 (s, 1H, Ar-H), 6.94 (d, J = 8.79 Hz, 1H, Ar-H), 6.88 (d, J = 8.20 Hz,
1H, Ar-H), 6.53 (d, J = 16.40 Hz, 1H, =CH-COOR), 4.30 (¢, J = 7.03 Hz, 2H,
-OCH;-), 3.88 (s, 3H, -OCH3), 3.82 (s, 3H, -OCH3) and 1.37 (¢, J = 7.03 Hz, 3H,
-CH3).

Ethyl 3,4-dimethoxycinnamate (S30): White solid (89 %), m.p. 59-61°C
(diethyl ether) (lit.** 55-56°C), R 0.60 (hexane/ethyl acetate 50%); "H-NMR (CDCls)
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d (ppm): 7.66 (d, J = 15.82 Hz, 1H, Ar-CH=), 7.14 (d, J = 7.62 Hz, 1H, Ar-H), 7.09
(s, 1H, Ar-H), 6.90 (d, J = 8.20 Hz, 1H, Ar-H), 6.35 (d, J = 15.82 Hz, 1H,
=CH-COOR), 4.30 (¢, J = 7.03 Hz, 2H, -OCH;-), 3.94 (s, 6H, 2x-OCH3) and 1.37
(t,J=17.03 Hz, 3H, -CH3).

Ethyl 3,5-dimethoxycinnamate (S31): Pale yellow needle crystal (83 %), m.p.
42-43°C (diethyl ether) (lit.” 45-46°C), R; 0.69 (hexane/ethyl acetate 50%); 'H-NMR
(CDCl3) & (ppm): 7.63 (d, J = 15.82 Hz, 1H, Ar-CH=), 6.69 (s, 2H, Ar-H), 6.51
(s, 1H, Ar-H), 6.43 (d, J = 15.82 Hz, 1H, =CH-COOR), 4.28 (g, J = 7.03 Hz, 2H,
-OCH,-), 3.83 (s, 6H, -OCH3) and | ! 3 Hz, 3H, -CH3).

Ethyl 3,4,5-trimethox low solid (85 %), m.p. 66-68°C
(diethyl ether), R 0.58 (1 -NMR (CDCl3) & (ppm): 7.63
(d, J = 15.82 Hz, 1H, : 6.38 (d, J = 16.40 Hz, 1H,
=CH-COOR), 4.30 (g, J w7 [ . Hj-), 3. “'\ 9H, -OCH3) and 1.37 (1, J =
7.04 Hz, 3H, -CH3).

Ethyl 4-nitroci
(diethyl ether), R¢ 0.68
(d,J=8.79 Hz, 1H, Ar-
2H, Ar-H), 6.56 (d, J =
-OCH;-) and 1.36 (¢, J = 7.03#

Ethyl 2-chlgr: 54itr fedle crystal (80 %), m.p.
114-116°C (diethyl __"—“ &S 0%); 'H-NMR (CDCl3) &
(ppm): 8.49 (s, 1H, ),8. d, 8791z, 1H, Q-H), 8.05 (d, J = 16.40 Hz,
1H, Ar-CH=), 7.62 (d#ja 8.79 Hz, 1y Ar-H), 6.59 (d, J = 15.82 Hz, 1H,

=CH-COOR), ﬂ M %’}%zgl%ﬁlwag Qﬂﬁ: 7.03 Hz, 3H, -CH3).

Ethyl 4”110ro-3-mtrocznna@ate (S38): Brown needle c?}stal (71 %), m.p.
o RRAN ATITOHNTT RYAR e o
NMR (@DCl;) & (ppm): 8.02 (s, 1H, Ar-H), 7.66-7.57 (m, 2H, Ar-H), 7.61
(d, J = 16.40 Hz, 1H, Ar-CH=), 6.51 (d, J = 16.40 Hz, 1H, =CH-COOR), 4.29
(g, J=17.03 Hz, 2H, -OCH;-) and 1.35 (¢, J=7.03 Hz, 3H, -CH3).

Ethyl 5-chloro-2-nitrocinnamate (S39): Brown solid (87 %), m.p. 58-60°C
(diethyl ether) (lit.?® 61.0-62.5°C), Ry 0.65 (hexane/ethyl acetate 50%); 'H-NMR
(CDCl5) & (ppm): 8.08 (d, J=15.82 Hz, 1H, Ar-CH=), 8.04 (d, J = 8.79 Hz, 1H, Ar-

al (82 %), m.p. 136-137°C
R (CDCL3) & (ppm): 8.26
Ar-CH=), 7.68 (d, J = 8.78 Hz,
COOR), 4.30 (g, J = 7.03 Hz, 2H,
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H), 7.60 (s, 1H, Ar-H), 7.51 (d, J = 8.79 Hz, 1H, Ar-H), 6.37 (d, J = 15.82 Hz, 1H,
=CH-COOR), 4.30 (¢, J=7.03 Hz, 2H, -OCH,-) and 1.35 (¢, J = 7.03 Hz, 3H, -CH3).

Ethyl 4-methylcinnamate (S40): Yellow liquid (65 %), R¢ 0.73 (hexane/ethyl
acetate 50%); '"H-NMR (CDCls) & (ppm): 7.70 (d, J = 16.40 Hz, 1H, Ar-CH=), 7.46
(d, J = 8.20 Hz, 2H, Ar-H), 7.23 (d, J = 8.20 Hz, 2H, Ar-H), 6.43 (d, J = 15.82 Hz,
1H, =CH-COOR), 4.29 (g, J = 7.62 Hz, 2H, -OCH;-), 2.41 (s, 3H, -CH3) and 1.37
(t,J=17.62 Hz, 3H, -CH3).

Ethyl 4-isopropylcinnamate (S41): Yellow liquid (48 %), Ry 0.70
(hexane/ethyl acetate 50%); "H-NMR | (ppm): 7.72 (d, J = 1582 Hz, 1H,

Ar-CH=), 7.50 (d, J = 8.20"Hz, 2H, Ar- d, J = 8.20 Hz, 2H, Ar-H), 6.44
(d, J = 15.82 Hz, 1H, =CH=COOR), 4.30 mv 2H, -OCHy-), 2.96 (m, 1H,

,3H=CH3) and 1.28 (s, 3H, -CH3).

Ethyl 4-tertbutylci,

acetate 50%); "H-NMR (

(d, J = 8.20 Hz, 2H, A

1H, =CH-COOR), 4.30 (@, /. 3 ) .
- ’Ef} -. 4 4 ’ )

Ethyl 4-trifluoromethyl zﬁn%ﬁgfe‘ (S43): Yellow liquid (86 %), Rs 0.74

Piael

82 Hz, 1H, Ar-CH=), 7.51
AvH), 6.44 (d, J = 16.40 Hz,

(hexane/ethyl acetate 50%) " H, NV DEIRMNS (Ppm): 7.73 (d, J = 16.42 Hz, 1H,
Ar-CH=), 7.69 (d, J = 8.20 Hz; 2 2 66 (d, J = 8.20 Hz, 2H, Ar-H), 6.55
d, J = 15.83 Hz, |} = R), 4.32 (g 3 fz, 2H, -OCHy-) and 1.39

L~

(t,J=17.04 Hz, 3H, <CH5 )
Ethyl 3-cyanocﬂramate ow solid (ﬂ %), m.p. 66-67°C (diethyl
ether) (lit.?* 69-70.5°C),fRg0.63 (hexane/ethyl acetate 50%); 'H-NMR (CDCl;) &

(ppm): 7.83 (s, ﬂ{uﬁl }%%ﬂ@wlﬂ{}ﬂﬁo (d,J=1.62 Hz, 1H,

Ar-H), 7.68 (d, ¥= 15.82 Hz, 1H, 4r-CH=), 7.55 (d, J = 7.62 Hz, 2H, Ar-H), 6.52
o/ TR FIATRURTINBARY = 0
(t,J=17.08 Hz, 3H, -CH3).

Ethyl 4-cyanocinnamate (S45): White crystal (87 %), m.p. 67-68°C (diethyl
ether) (lit.>° 69.5°C), R¢ 0.71 (hexane/ethyl acetate 50%); '"H-NMR (CDCls) & (ppm):
7.72 (d, J = 8.20 Hz, 2H, Ar-H), 7.70 (d, J = 15.82 Hz, 1H, Ar-CH=), 7.65
(d, J = 8.20 Hz, 2H, Ar-H), 6.55 (d, J = 16.40 Hz, 1H, =CH-COOR), 4.32 (¢, J = 7.03
Hz, 2H, -OCH}-) and 1.38 (1, J = 7.62 Hz, 3H, -CHj).
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Ethyl 3-(1-naphthalene)-propionate (S46): Yellow liquid (69 %), R¢ 0.64
(hexane/ethyl acetate 50%); 'H-NMR (CDCLs) & (ppm): 8.53 (d, J = 15.82 Hz, 1H,
Ar-CH=), 8.21 (d, J = 8.79 Hz, 1H, Ar-H), 7.89 (¢, J = 7.03 Hz, 2H, Ar-H), 7.76
(d, J = 7.62 Hz, 1H, Ar-H), 7.60-7.47 (m, 3H, Ar-H), 6.53 (d, J = 15.82 Hz, 1H,
=CH-COOR), 4.32 (¢, J = 7.03 Hz, 2H, -OCH>-) and 1.38 (¢, J= 7.62 Hz, 3H, -CHj3).

Methyl cinnamate (S47): Yellow liquid (79 %), R¢ 0.59 (hexane/ethyl acetate
50%); '"H-NMR (CDCl;) & (ppm): 7.70 (d, J = 15.82 Hz, 1H, Ar-CH=), 7.54-7.39
(m, Ar-H, 5H), 6.45 (d, J=16.40 Hz, —CH COOR) and 3.81 (s, 3H, -OCH3).
liquid (74 %), R¢ 0.40 (hexane/ethyl
acetate 80%); 'H-NMR (CDE '*-k_..: m) = 16.42 Hz, 1H, Ar-CH=), 7.65
(d, J=1.62 Hz, 1H, Ar-H);"7° 8514 -H) 7.35-7.31 (m, Ar-H, 2H),
6.47 (d, J=15.83 Hz, 1H, 561 € ﬂ' ‘*“é’\ sy.3H, -OCH3).

Methyl 4-methylcigharni -7 t : ‘-‘\ %), m.p. 50-52°C (diethyl
ether) (lit.*! 58°C), Ry 0.60' ( | -NMR (CDCls) & (ppm):
7.70 (d, J = 16.40 Hz; b, 2H, Ar-H), 723 (d,J=
8.20 Hz, 2H, Ar-H), 6.4 LJ 4580 H \‘\‘ CH-COOR), 3.85 (s, 3H,

Methyl 2- chlorocmnama

-OCH3) and 2.41 (s, 3H,
Methyl 4-methoxyciingfpaie ‘{.ur crystal (75 %), m.p. 51-52°C
(diethyl ether) (ht31 55~ 56°EL£]J§D; v;, nefethyl acetate 50%); 'H-NMR (CDCls)

= 8.79 Hz, 2H, Ar-H), 6.91

& (ppm): 7.66 (d, J 5 L A
“ :‘ H-COOR), 3.84 (s, 3H,

(d, J = 8.79 Hz, 2
-OCHj3) and 3.80 (s, 3E4 -OCH3).
Butyl czniamate S51): Yellow liqéid jﬂ %), R¢ 0.61 (hexane/ethyl acetate

50%); 'H-N ’lpiﬂ)ﬂ ma &Jﬂlfz] ‘ﬁ Ar-CH=), 7.55-7.39

(m, Ar-H, 5H) 45 (d, J = 16.40 Hz, 1H, =CH.COOR), 4.21 ¢,/ = 7.03 Hz, 2H,
e R
(t, J=7.82 Hz, 3H, -CH3).

Butyl 2-chlorocinnamate (S52): Yellow liquid (70 %), R¢ 0.48 (hexane/ethyl
acetate 80%); '"H-NMR (CDCl3) & (ppm): 8.13 (d, J = 16.42 Hz, 1H, Ar-CH=), 7.66
(d,J=17.62 Hz, 1H, Ar-H), 7.45 (d, J= 7.62 Hz, 1H, Ar-H), 7.36-7.31 (m, Ar-H, 5H),
6.47 (d, J = 16.42 Hz, 1H, =CH-COOR), 4.26 (¢, J = 7.04 Hz, 2H, -OCHy-), 1.74
(quin, J = 7.62 Hz, 2H, -CH;-), 1.48 (m, 2H, -CH;-) and 1.01 (#, J = 7.62 Hz, 3H,
-CH3).
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2.3.2 Synthesis of frans-Cinnamamides

General Procedure

Triphenylphosphine 2 eq (6 mmol, 1.57 g) in CH,Cl, 3 mL was added to a
mixture of selected cinnamic acid 1 eq (3 mmol) and trichloroacetamide 2 eq
(6 mmol) in CH,Cl; 3 mL. The mixture was stirred under reflux for 1 hour. A mixture
of selected amine 1 eq (3 mmol) and 4-picoline 3 eq (9 mmol) was added to the above

reaction mixture. The reaction was continued refluxing for another hour. When the

wehromatography on silica gel.
—
Two cinnamami e.structures of six cinnamamides

studied are displayed

Cpds R

MOI  NHC,H¢
M02  NHC,H;
MO3**  N(C;Hs),

%ﬂﬂiwﬂfmﬂ‘ﬁmi
amwﬁmﬂ%wmé’a

Figure 2.2 Structures of synthesized substituted cinnamamides

I - T T T T

*M04 was kindly donated from Ms. Sujittra Deesamer."’

**These compounds were kindly provided from Ms. Skaydaw Chaysripongkul.*?

(N-Ethyl)-2-chlorocinnamamide (MO01): Pale yellow liquid (14 %), Ry 0.33
(hexane/ethyl acetate 70%); 'H-NMR (CDCl;) & (ppm): 8.13 (d, J = 15.83 Hz, 1H,
Ar-CH=), 7.65 (d, J=17.04 Hz, 1H, Ar-H), 7.44 (d, J = 8.21 Hz, 1H, Ar-H), 7.36-7.31
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(m, Ar-H, 2H), 6.47 (d, J = 15.83 Hz, 1H, =CH-COOR), 3.86 (s br, 2H, -NHCH,-)
and 1.28 (s br, 3H, -CH3).

(N-Ethyl)-4-methylcinnamamide (M02): Pale yellow liquid (13 %), Rf 0.33
(hexane/ethyl acetate 70%); 'H-NMR (CDCl) 6 (ppm): 7.71 (d, J = 15.83 Hz, 1H,
Ar-CH=), 7.46 (d, J = 7.62 Hz, 2H, Ar-H), 7.23 (d, J = 7.62 Hz, 2H, Ar-H), 6.43
(d, J = 15.83 Hz, 1H, =CH-COOR), 3.84 (s br, 2H, -NHCH,-), 2.41 (s, 3H, -OCH3)
and 1.29 (s br, 3H, -CH3).

2.3.3 Synthesis of Miscellangous Cinnamic Acid Derivatives

Hydrogenation of Eth Cinn, /

Ethyl cinnamate (S+muiol) @ acetate was hydrogenated ove
y ( 7 4 ydrog r

0.071 g of 10% palladiugiee

room temperature. Hydao®en

meliydrogen pressure on a shaker at
er ca. 4 hours. The catalyst

was removed by filtratign's din vacuo.

Ethyl 3-phenylpropio
acetate 80%); 'H-NMR (C u?g J
-OCHy-), 2.99 (¢, Ji=20
1.27 (1, J = 7.02 Hz,

m EI’J‘VIH"MW@?WVK

liquid (55 %), R¢ 0.53 (hexane/ethyl
4 (m, SH, Ar-H), 4.17 (q, 2H,
-—,.;‘-ﬁ .80 Hz, 2H, -CH;-) and

qwﬁ“&” j NN ER A
~o g ot

sodium cinnamate (X04*) diethyl-4'-methoxybenzalmalonate (X05**)
Note: X01 and X02 are commercially available.

*X04 was kindly donated from Ms. Sujittra Deesamer."”
**X05 was kindly gifted from Ms. Thitinun Monhaphol.**
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2.3.4 Synthesis of Substituted frans-Cinnamic Acids

The structures of five cinnamic acid derivatives are displayed as shown in

Figure 2.3.
R’ 0
Cpds R* RS
A00* H H
A01* H H
A02* H H
A03* H H
A04* H H
Figure et 5‘{,; of sul
*These compounds were kindly dg ted.mfla' -. tra
e

e Derivatives

2.4  Synthesis of Substitut SRenAy) 4§
=il

e

. red U _=l}:,‘
Triphenylphosphine : 2C12 3 mL was added to a

mixture of selected beiizoic acid 1 eq (3 mmol) and trichloroacetamide 2 eq (6 mmol)
in CH,Cl, 3 ‘)i ] LA ux our. A mixture of 1-
phenylethano;ﬂﬁ EIn Y[iaﬁpﬂmqijl mmo jl;s added to the above
reaction mixture. The reaction was®ontinued refluxing for anofhér hour. When the

reactioMpAcoh NN (iGN ID, Jogolile i p Vel exiracted with

10% HC‘l and saturated aqueous NaHCO; respectively, dried over Na,SO, and

General Pro«

evaporated in vacuo. The mixture was separated with column chromatography on

silica gel.
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Three benzyl benzoate derivatives were synthesized and the structures of four

benzyl benzoate derivatives studied are displayed as shown in Figure 2.4.

R® R
R‘
0
R’ R'
RZ
Cpds R R RS
B00* H H H
B01 H H H
B02 CH; H H
B03 CH; H H

substituted benzyl benzoate
*B00 was kindly donated fro g w Ehaysripong \

Benzyl 2-chlorobe ): Pal lqui (30 %), R¢ 0.58 (hexane/ethyl
acetate 70%); 'H-NMR (CDIC1;} & (ppum): £8647.26 (m, 9H, Ar-H) and 5.38 (s, 2H

bl

-OCH3-). ﬁ!’ o .u. z
1-Phenylethyl '\ : Pale yellows fiquid (84 %), R; 0.58
A —
(hexane/ethyl acetate.70 96/10-7.26 (m, 10H, Ar-H),

I
6.14 (¢, J = 6.44 Hz, 1H, -OCH-) and 1.68 (a , -CHj3 i

2

1-Phenylethyl 2-chlexobenzoate (B03): Pale yellow %uld (73 %), R¢ 0.57

exancrtny bl T AR V0B E B 1758733 6, o1, ac,

6.18 (¢, J = 6.45 Hz, 1H, -OCH-) andr1.73 (d, 3H,2CHs).

ARIANN I UA1INYAY
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2.5 Bioassay Experiments
2.5.1 Insecticidal Activity (Contact toxicity: topical application)
Common cutworm (S. litura) obtained from Department of Agriculture,

Ministry of Agriculture and cooperatives was used as an insect model in this research.

General Procedure’
The samples were prepared by dissolving 4x10” mol of tested compound in 1

mL of a proper solvent. Common cutworms, Spodoptera litura, were reared on an

petri dish and 10 pL of the tested | ropped with a micropipette. The
artificial diets were contained it the petri @ept at 25°C for 24 hours (4
replications). The contrd( S only a proper solvent.

After 24 hours;

of died larvae (% mort#

e

and converted to percentage

\. o was calculated by probit
analysis program.

2.5.2 Antifeedant Ac ggﬁ 4 egf ¢ .-";\:: [ say)35

Leaf-disks, 1.9 crafdiameter; fvere prg igpared with a cork borer from fresh sweet
potato (Ipomoea batatas) ledves tha a’&T tivated without agrochemicals.

Two disks were treatgd W i ount of plant extracts or tested
compounds dlSSOlV per solvent. Other tv _%, were prepared using the

same solvent as the“e6ntrol. Tk i alternating positions in the

same petri dish. After €dmplete removal of the solvent, 40 larvae (third instars) were

released into the dish. Th€ dishes were then®%épt i ng room at 25°C in
the dark for lﬁu Ha%lq{lc ﬁ m;gn)iﬁ T d onto photocopier
paper for mon one data convergion. The mgnotone data gwas photocopled
s R T R A DI T G s
scanner. Digital data analyses rwe‘re'pe'rformed on a PC computér using the public-
domain Scion image program (developed by the U.S. National Institutes of Health and
available from the Internet by anonymous FTP from www.scioncorp.com). For each
experiment, the data file of an intact disk was measured and compared with that of

treated disk. For evaluation of the antifeedant activity of the extracts and tested

compounds, three citerias: antifeedant index (AFI), feeding inhibitory (FI) and control
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disk consumption (CDC) derived from the calculation according to the following

formula were considered.

Antifeedant Index (AFI) = % treated disks consumed < 100
(% treated disks consumed + % control disks consumed)

Feeding Inhibitory (FI) = 100- (AFI x 2)

Control Disk Comsumption (GE \\ “L”r , f' j pixl) - residue control disk (pixl)x
- sntrol disk (pixl)

100

2.6  Quantitative S ity! Rel: 1ip (QSAR) Experiments

The three dirmensit uctures, of al mamic acid derivatives, except
compounds X04 and | odeling software and were
subsequently subjected t Hartree Fock method with 3-
21G basis set, which generally gives-a 1able structure, was chosen for the
geometry optimizations. All the ale iz e performed using the Gaussian 98

program.’®

T X
Calculations of Propﬁies Ll m
There are many thswochemxcal pr&'ertles available for QSAR study. In this

work, the folloﬂnu %}ﬁ'a b E‘jaﬂlﬁ"w g9

Hydfgphobicity property log P

X sty e e

LUMO energy, HOMO-LUMO gap

D. Steric properties: three connectivity indicies, ie., Chil (atoms), Chi2
(bond) and Chi3 (path) and three shape indicies, i.e., Kappa 1, Kappa 2
and Kappa 3
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Regression Analysis

A statistical multiple linear regression analysis was used to investigate a
correlation between insecticidal activity and calculated physicochemical properties.
The correlation was represented in a linear equation that best describes the
dependency of insecticidal activity on physicochemical properties.

In order to justify a quality of correlation, a regression coefficient (r*) was
evaluated. It indicated how many percentage of the variation in the insecticidal
activity could be explained by the ph
with r* value higher than 0.81 for

accepted as a good model. ]

icochemical properties. Generally, a model

0.64 for in vivo biological data is

does not give any information

about a predictive abil{ty™ o a cross-validated regression

\\ able predictive model should

w

coefficient (q°) was additi

have the g value of mor

9
U

ﬂUEI’J‘VIEWlﬁWEﬂﬂ‘i
ammnim UNIAINYAY
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