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| A coupling reaction of 2-[4-(2,6-difluorophenyl)thiazol-2-yl]acetonitrile and desired acid chlorides were occurred in the presence of
triethylamine leading to 3-hydroxy-2-thiazolylacrylonitrile derivatives, then further reacted with acid chlorides to obtain twelve novel
3-esterified-2-thiazolylacrylonitrile derivatives (yields 70.8-87.3 %). The structures of the 2-thiazoleacrylonitrile derivatives were charac- |
terized by '"H NMR, mass spectra and elemental analysis. Antifungal activities against Fusarium oxysporium, Rhizoctonia solani, Botrytis |

these compounds possess certain antifungal activity.

| cinereapers, Gibberella zeae, Colletotrichum gossypii were also evaluated by the mycelium growth rate method. The results indicated that |

Key Words: Synthesis, 2-Thiazolylacrylonitrile derivative, Antifungal activity. |

INTRODUCTION

Thiazole derivatives played a leading role in the field of
novel agrochemicals because of their wide biological activity,
such as insecticidal', fungicidal®, antiviral’, herbicidal* and
plant-growth-regulating® activities. Meanwhile, acrylonitrile
derivatives have gained much importance due to their diverse
biological properties since 1960s°®. Until 1990s, thiazolyl-
acrylonitriles, which containing both thiazole and acryloni-
trile moiety, had attracted attention and it is reported that
thiazolylacrylonitriles possess the advantages of good activities
and few negative influences on non-targeted organisms such
as mammals, fishes and useful insects®!'!.

In view of these facts and with the aim of obtaining novel
thiazolylacrylonitriles with a wide spectrum of agrochemical
applications, we herein report the synthesis of a series of
2-thiazoleacrylonitrile derivatives together with their biological
acivities'*"*. In continuation to this program, some novel
2-thiazoleacrylonitrile derivatives were synthesized and their
fungicidal activities were evaluated.

EXPERIMENTAL

Melting points were determined using an X-4 melting-
point apparatus without calibration. The "H NMR spectra were
recorded on Bruker ADVANCE III instrument (500 MHz)
using TMS as an internal standard and CDCl; as solvents. Mass
spectra (ESI, 70 eV) were recorded on a Therm LCQ TM Deca
XP plus instrument. Elemental analyses were performed on a

Vario EL elemental analyzer. The reaction progress was moni-
tored by TLC plates run in PE-EtOAc solvent systems and
spots were visualized by exposure to UV light (254 nm).
2-Bromo-1-(2,6-difluorophenyl)ethanone (1) was synthe-
sized according to the literature', 2-cyanothioacetamide and
2-(4-(2,6-difluorophenyl)thiazol-2-yl)acetonitrile (2) were
synthesized according to procedure reported in the reference'.
The desired acid chlorides were commercially available.

General procedure for the synthesis of 3a and 3b: 2-
[4-(2,6-Difluorophenyl)thiazol-2-yl]acetonitrile 2 (2.38 g, 10
mmol) and triethylamine (Et;:N) (1.22 g, 12 mmol) was
dissolved in 40 mL of 1,4-dioxane and propionyl chloride (1.03
g, 11 mmol) or chloroacetyl chloride (1.26 g, 11 mmol) was
added dropwise to the mixture. The reaction mixture was
heated under reflux for 12 h, then poured into an ice/water
mixture. The precipitate formed was filtered and recrystallized
from ethanol to give 3-hydroxy-2-thiazolylacrylonitrile
derivatives 3a and 3b.

Compound 3a (R;=C;Hs): Yellow solid, 72.2 %. m.p.
172-174°C; '"HNMR (CDCl;) 8: 1.27 (t,J = 7.5 Hz, 3H, CH3),
2.71-2.75 (m, 2H, CH,), 7.06-7.42 ( m, 4H, ArH & thiazole-
H), 15.01 (s, 1H, OH); MS (ESI) m/z ([M+H]"): 293.0;
Elemental anal. (%), calcd. for C;;H,,F,N,OS: C, 57.53; H,
3.45; N, 9.58; found: C, 57.47; H, 3.39; N, 9.66.

Compound 3b (R;= CH;CI): Yellow solid, 70.5 %. m.p.
192-194°C; 'H NMR (CDCl;) 8: 4.43 (s, 2H, CH.Cl), 7.10-
7.49 (m, 4H, ArH & thiazole-H), 15.12 (s, 1H, OH); MS (ESI)
m/z ([M+H]*): 313.0; Elemental anal. (%), calcd. for
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Ci3:H;N,OSCIF;: C, 49.93; H, 2.26; N, 8.96; found: C, 50.07;
H, 2.25; N, 9.06.

General procedure for the synthesis of 4a-1: Compound
3 (10 mmol) and triethylamine (1.22 g, 12 mmol) were dissol-
ved in dichloromethane (20 mL) with stirring. Acid chloride
(11 mmol) was added dropwise to the mixture in an ice bath.
The reaction was stirred for a further 2-4 h with TLC monitoring.
When the reaction was complete, the mixture was washed with
water (3 x 20 mL), dried over anhydrous Na,SO, and then
evaporated in vacuo. The residue was recrystallization from
ethanol to give 3-esterified-2-thiazolylacrylonitrile derivatives
(4a-1).

Compound 4a (R, = C,Hs, R, = CHj3): Yellow solid,
87.3 %.m.p. 136-137 °C; '"H NMR (CDCl;) 6: 1.27 (t,J=7.5
Hz, 3H, CHj;), 2.58-2.62 (m, 2H, CH>), 2.79 (s, 3H, COCHs),
7.00-7.42 (m, 3H, ArH), 7.60 (s, 1H, thiazole-H); MS (ESI)
m/z ([M+H]"): 335.0; Elemental anal. (%), calcd. for
CisH12N,O,SF: C, 57.48; H, 3.62; N, 8.38; found: C, 57.63;
H, 3.51; N, 8.49.

Compound 4b (R, = C;H;, R,= C,H5s): Yellow solid, 87.0
%. m.p. 143-145 °C; '"H NMR (CDCls) &: 1.26 (t, J = 7.5 Hz,
3H, CH,), 1.35 (t,J=7.5 Hz, 3H, COCH,CH;), 2.62-2.64 (m,
2H, CH,), 2.72-2.74 (m, 2H, COCH,), 6.99-7.42 (m, 3H, ArH),
7.62 (s, 1H, thiazole-H); MS (ESI) m/z ([M+H]"): 349.0;
Elemental anal. (%), calcd. for C;HsN,O,SF,: C, 58.61; H,
4.05; N, 8.04; found: C, 58.77; H, 4.01; N, 8.11.

Compound 4c¢ (R, = C,Hs, R,= CH,Cl): Yellow solid,
85.1 %. m.p. 198-200 °C; '"H NMR (CDCl;) 6: 1.28 (t, J=7.5
Hz, 3H, CH;), 2.60-2.64 (m, 2H, CH>), 5.95 (s, 3H, CH,Cl),
7.02-7.43 (m, 3H, ArH), 7.62 (s, 1H, thiazole-H); MS (ESI)
m/z ([M+H]"): 369.0; Elemental anal. (%), calcd. for
CisH11N,O,SCIF,: C, 52.11; H, 3.01; N, 7.60; found: C, 52.23;
H,297;N, 7.73.

Compound 4d (R;=C:Hs, R,=(CH3)3C): Yellow solid,
74.1 %. m.p. 201-204 °C; '"H NMR (CDCl;) 6: 1.27 (t, J=7.5
Hz, 3H, CHs;), 2.90-2.94 (m, 2H, CH,), 1.37 (s, 9H, C(CHs)5),
6.98-7.37 (m, 3H, ArH), 7.60 (s, 1H, thiazole-H); MS (ESI)
m/z ([M+H]"): 377.0; Elemental anal. (%), calcd. for
CioHisN,O,SF: C, 60.62; H, 4.82; N, 7.44; found: C, 60.77;
H, 4.75; N, 7.58.

Compound 4e (R, = C,Hs, R,= C¢Hs): Yellow solid, 79.1
%. m.p. 157-159 °C; 'H NMR (CDCl5) &: 1.26 (t, J = 7.5 Hz,
3H, CH,), 2.71-2.74 (m, 2H, CH,), 6.94-8.22 (m, 8H, ArH),
7.61 (s, 1H, thiazole-H); MS (ESI) m/z (IM+H]"): 397.0; El-
emental anal. (%), calcd. for C,;H;N,O,SF,: C, 63.63; H, 3.56;
N, 7.07; found: C, 63.75; H, 3.49; N, 7.16.

Compound 4f (R, = C,Hs, R,=4-CIC¢H,): Yellow solid,
81.2 %. m.p. 151-153 °C; '"HNMR (CDCl;) 6: 1.26 (t, J=7.5
Hz, 3H, CH;), 2.73-2.75 (m, 2H, CHy), 7.25-8.28 (m, 7H, ArH),
7.63 (s, 1H, thiazole-H); MS (ESI) m/z (IM+H]"): 431.0; El-
emental anal. (%), calcd. for C;;H3sN,O,SCIF,: C, 58.54; H,
3.04; N, 6.50; found: C, 58.70; H, 3.00; N, 6.59.

Compound 4g (R, = CH,Cl, R, = CHj3): Yellow solid,
85.7 %. m.p. 154-156 °C; '"H NMR (CDCl;) &: 4.43 (s, 2H,
CH,CI), 2.80 (s, 3H, CHj;), 7.02-7.42 (m, 3H, ArH), 7.64 (s,
1H, thiazole-H); MS (ESI) m/z ([M+H]"): 355.0; Elemental
anal. (%), calcd. for C;sHyN,O,SCIF,: C, 50.78; H, 2.56; N,
7.90; found: C, 50.83; H, 2.52; N, 7.97.

Compound 4h (R, = CH)Cl, R, = C,Hs): Yellow solid,
84.4 %. m.p. 163-165 °C; 'H NMR (CDCl;) &: 4.41 (s, 2H,
CH.CI), 1.37 (t, J = 7.5 Hz, 3H, CHa), 2.75-2.77 (m, 2H,
COCH,), 7.02-7.45 ( m, 3H, ArH), 7.63 (s, 1H, thiazole-H);
MS (ESI) m/z ((M+H]"): 369.0; Elemental anal. (%), calcd.
for CisH11N,O,SCIF,: C, 52.11; H, 3.01; N, 7.60; found: C,
52.24; H, 2.97; N, 7.68.

Compound 4i (R,;= CH,Cl, R,= CH,Cl): Yellow solid,
83.1 %. m.p. 205-206 °C; 'H NMR (CDCl;) &: 4.44 (s, 2H,
CH,Cl), 5.97 (s, 3H, COCH,Cl), 7.03-7.45 (m, 3H, ArH), 7.65
(s, 1H, thiazole-H); MS (ESI) m/z ((IM+H]*): 389.0; Elemen-
tal anal. (%), calcd. for C;sHsN,O,SCLF,: C, 46.29; H, 2.07,
N, 7.20; found: C, 46.40; H, 2.04; N, 7.31.

Compound 4j (R,= CH,Cl, R,= (CHj3);C): Yellow solid,
70.8 %. m.p. 209-211 °C; '"H NMR (CDCl;) &: 4.39 (s, 2H,
CH,CI), 1.39 (s, 9H, C(CH3)3), 7.01-7.42 ( m, 3H, ArH), 7.62
(s, 1H, thiazole-H); MS (ESI) m/z ((IM+H]*): 397.0; Elemen-
tal anal. (%), calcd. for C;sHsN,O,SCIF,: C, 54.48; H, 3.81;
N, 7.06; found: C, 54.62; H, 3.76; N, 7.14.

Compound 4k (R, = CH,Cl, R,= C¢Hs): Yellow solid,
76.5 %. m.p. 172-174 °C; '"H NMR (CDCl;) &: 4.44 (s, 2H,
CH,CI), 6.99-8.24 (m, 8H, ArH), 7.63 (s, 1H, thiazole-H); MS
(ESI) m/z (IM+H]"): 417.0; Elemental anal. (%), calcd. for
CyH11N,O,SCIF,: C, 57.63; H, 2.66; N, 6.72; found: C, 57.75;
H, 2.61; N, 6.76.

Compound 41 (R, = CH,Cl, R,=4-CICsH,): Yellow solid,
79.0 %. m.p. 169-170 °C; '"H NMR (CDCl;) &: 4.45 (s, 2H,
CH,Cl), 7.27-8.28 (m, 7H, ArH), 7.64 (s, 1H, thiazole-H); MS
(ESI) m/z ([IM+H]"): 451.0; Elemental anal. (%), calcd. for
CyH0N,O,SCLF: C,53.23; H, 2.23; N, 6.21; found: C, 53.37;
H, 2.20; N, 6.28.

Antifungal activity assays: Antifungal activities of comp-
ounds 3 and 4 against Fusarium oxysporium, Rhizoctonia
solani, Botrytis cinereapers, Gibberella zeae, Colletotrichum
gossypii were evaluated using mycelium growth rate test
according work of Mu'®. Culture media, with 100 mg/L concen-
tration of the test compounds, were obtained by mixing the
solution of compounds 3 and 4 with potato dextrose agar
(PDA), on which fungus cakes were placed. The cultures were
carried out at 24 + 1 °C for 96 h. Propiconazole, a commercial
fungicide, was used as a control and sterile water was used as
a blank. Three replications were performed in antifungal
activity assays. The relative inhibition rate of the circle mycelium
compared to blank assay was calculated via the following
equation:

Relative ratio % = (Ns - N¢)/Nc x 100 %
where, N is the extended diameter of the circle mycelium
during the blank assay and N is the extended diameter of the
circle mycelium during testing.

RESULTS AND DISCUSSION

The synthetic route to the title compounds 4a-1 is shown
in Scheme-I. 3-Hydroxy-2-thiazolylacrylonitrile derivatives
3a and 3b were synthesized from a coupling reaction of 2-[4-
(2,6-difluorophenyl)thiazol-2-yl]acetonitrile (2) and desired
acid chlorides at refluxing temperature in the presence of tri-
ethylamine. The structure of 3 were the enol-form rather than
the ketone-form, due to the influence of the large conjugated
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- > OH
1 2 3
F 3a, Ry = GoHs;
. 3b, R, = CH,CI;
R,COCI {\1 _ /R‘
Et,N . OC-R,
NC 0O
4
4a, R1 = C2H5, Rz = CH3, 4b, R1 = C2H5, Rz = C2H5; 4c, R1 = C2H5, Rz = CHzcl,

4d, R1 = C2H5, Rz = (CH3)3C,
49, R, = CH,CI, R, = CHs;
4j, Ry =CHCl, R = (CHy)sC;

4e, R1 = Csz, R2 = CSHS’
4h, R1 = CHch, R2 = C2H5,
4k, R-] = CHZC', R2= C6H5;

4f, R1 = C2H5, R2 = 4'CIC6H4,
4i, R1 = CH2CI, R2 = CHch,
4|, R1 = CHZCI, Rg = 4'C|C6H4;

Scheme-I Synthetic route for compounds 4a-1

TABLE-1
ANTIFUNGAL ACTIVITIES OF COMPOUNDS 3 AND 4 /N VITRO AT 100 mg/L

No. Fusarium oxysporium Rhizoctonia solani Botrytis cinereapers Gibberella zeae Colletotrichum gossypii
3a 50.2 65.0 58.1 67.9 71.3
3b 70.0 56.3 87.1 46.4 59.1
4a 20.0 36.3 34.5 36.4 29.6
4b 20.0 34.0 39.1 44.8 37.2
4c 30.8 41.3 43.5 41.0 26.1
4d 21.0 29.0 30.6 28.5 31.8
4e 16.3 21.1 29.2 24.0 19.0
4f 48.5 43.6 333 40.3 47.1
4g 314 27.1 46.8 26.0 21.0
4h 28.0 24.5 50.2 31.2 24.6
4i 422 32.8 56.5 28.5 13.5
4j 34.0 18.0 479 17.5 20.0
4k 26.5 20.2 38.0 19.3 12.3
41 50.4 34.2 42.6 324 37.5

propiconazole 90.0 90.5 0.0 0.0 87.5

system formed by the thiazole ring, CN and C=C and in the
'H NMR spectrum of 3, the -OH proton signals were observed
at ca. 15.00 ppm as a singlet. In previous work, it is found that
comound 3 bearing a alkyl group, especially 3a (R, = C,Hs)
and 3b (R, = CH,Cl), exhibited higher fungicidal activities
than those bearing a aryl group". In this article, we planned to
further optimize the structures of compounds 3a and 3b for
improving their antifungal activity. Thus, the reactions of 3
with a series of acid chlorides were occurred in the presence
of triethylamine, leading to the desired compounds (4a-1) in
70.8-87.3 % yields. All the compounds were identified and
characterized by '"H NMR, mass spectra and elemental analysis.
In the '"H NMR spectrum of 4, thiazole-H proton signals were
observed at about 7.60 ppm as a singlet and the Ph-H proton
signals were observed at 6.94-8.28 ppm as a multiplet. Mean-
while, all of compounds 4 exhibited (M+H)* peak in the ESI-
MS results.

Antifungal activities: The antifungal activity of all the
compounds 3 and 4 against Fusarium oxysporium, Rhizoctonia
solani, Botrytis cinereapers, Gibberella zeae and Colletotrichum

gossypii has been investigated at the dosage of 100 mg/L
compared with the control fungicide (propiconazole). The
results of antifungal activity testing are listed in Table-1. The
results of bioassay showed that all compounds exhibited certain
antifungal activity against all the tested fungi, whereas the
control fungicide (propiconazole) showed no activity against
Botrytis cinereapers and Gibberella zeae. Some of them
exhibited moderate antifungal activity, for example, compounds
3a and 3b possessed above 50 % inhibitory activities against
Fusarium oxysporium, Rhizoctonia solani and Colletotrichum
gossypii, but their activities were still lower than that of
propiconazole. Meanwhile, compound 3b showed 87.1 %
inhibition against Botrytis cinereapers. It was not as good as
we expected that, in general, compounds 4 displayed lower
antifungal activity than compounds 3, which indicated that
the presence of hydroxyl group enhanced the activity of the
compounds. From this result, this type of compound could be
further developed as potential fungicides, but the hydroxyl
group in compounds should be mantained.
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Conclusion

In summary, a coupling reaction of 2-[4-(2,6-difluoro-
phenyl)thiazol-2-yl]acetonitrile 2 and desired acid chlorides
were occurred in presence of triethylamine leading to 3-hydroxy-
2-thiazolylacrylonitrile derivatives 3a and 3b. And then, twelve
novel 3-esterified-2-thiazolylacrylonitrile derivatives 4 were
synthesized by the reactions of 3 with desired acid chlorides
in presence of triethylamine. The structures of these compounds
were characterized by '"H NMR, mass spectra and elemental
analysis. The results of preliminary bioassay indicated that
these compounds possess certain antifungal activity against
Fusarium oxysporium, Rhizoctonia solani, Botrytis cinereapers,
Gibberella zeae, Colletotrichum gossypii and could be further
developed as potential fungicides.
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