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The Effect of C-4 Substituent of 2-phenylimine-1,3-thiazolines on the
Antifungal Activity Against Rice Blast
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- | Abstract } ~
New morpholinylcarbonylmethyl-2-phenylimino-1,3-thiazolines 2(X=0) and piperidinylcarbonylmethyl-2-phenylimino-
1,3-thiazolines 3(X=C) to which morpholinyl or piperidinyl functional group were introduced at C-4 side chain
of the 2-phenylimino-1,3-thiazoline scaffold were synthesized to investigate the effect of NH hydrogen of
2-phenylimino-1,3-thiazoline-4-acetanilide derivatives on the antifungal property against rice blast. Synthesized
30 compounds were screened against 6 kinds of typical plant fungi. Treatment of ketene dimer with chlorine
followed by the reaction of morphorine or piperidine without isolation of the intermediate acetoacetylchlonide gave
y-chloro-B-keto derivatives. These were reacted with thioureas to give morpholinylcarbonylmethyl-2-phenylimino-
1,3-thiazolines and piperidinylcarbonylmethyl-2-phenylimino-1,3-thiazolines respectively in good yield (27-98%).
The compound 3j, in which two fluorine atoms are substituted at ortho and para position of phenyl group of
2-phenylimino moiety and piperidinyl group is substituted at C-4, showed the highest antifungal activity (100
ppm, 90%). This result suggested that the substituent at C-4 of the 2-phenylimino-1,3-thiazolines may play
a supplementary role to show the antifungal activity against rice blast.

Key words 2-phenylimino-1,3-thiazoline, structure-activity relationship, development of agrochemicals, fungicide,
rice blast
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Fig. 1. The structure of 2-phenylimino-1,3-thiazolines.
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Table 1. A list of synthesised 2-phenylimino-1,3-thiazoline derivatives 1 and the yields, melting points and 'H NMR data

compounds

X

R4

yields
(%)

m.p.

©

'H NMR data in DMSO-ds

2a

2b

2¢

2d

2e

2

2g

2g

2h

2i

2j

2k

2m

2n

3a

3b

3¢

3d

0O

4.l

4-Br

4-CN

4-CF3

4-CH;

4-OCFs

4-CeHs

4-CO,CoHs

4-CH,CN

3-F

24-di F

2,5-di F

2-F, 4-C1

2-F, 4-Br

2-F, 5-CH;

4-C1

4-Br

4-OCF;

45

43

71

27

61

71

75

77

93

98

61

82

61

91

23

35

64

48

198-199

210-211

176-178

218-219

209-210

209-210

212-213

213-214

224-227

75-77

202-203

414-216

211-212

210-212

248-249

203-206

205-206

192-194

220-221

3.40-3.64 (m, 8H, -NCH,CH,0-), 3.64 (s, 3H, N-CHy), 4.04 (s, 2H, COCHy),
6.83 (s, 1H, vinyl-H), 7.54 (m, 4H, J=21.83, 8.76 Hz, ArH)

3.42-3.63 (m, 8H, NCHCILO-), 3.63 (5, 3H, N-CHy), 4.04 (5, 2H, COCHp),
6.83 (s, 1H, vinyl-H), 7.44 (d, 2H, J=8.52 Hz, ArH), 7.71 (d, 2H, J=8.70
Hz, AtH)

3.43-3.66 (m, 8H, NCH,CH,0-), 3.61 (5, 3H, N-CHy), 4.02 (s, 2H, COCHy),
6.77 (s, 1H, vinyl-H), 7.58 (d, 2H, 7=8.33 Hz, ArH), 7.90 (m, 2H, J=8.64
Hz, Arl])

3.46-3.63 (m, 8H, -NCHCH,0-), 3.63 (5, 3H, N-CHy), 4.04 (s, 2H, COCH),
6.81 (s, 1H, vinyl-H), 7.65 (d, 2H, J=8.08 Hz, ArH), 7.84 (d, 2H, J=8.55
Hz, ArH)

2.35 (s, 3H, Ar-CHs), 3.46-3.63 (m, 8H, -NCH,CH,0-), 3.65 (s, 3H, N-CHa),
4.04 (s, 2H, COCH,), 6.86 (s, 1H, vinyl-H), 7.35 (quartet, 4H, J=16.05, 8.51
Hz, ArH)

3.47-3.59 (m, 8H, -NCH,CH,0-), 3.65 (s, 3H, N-CHz), 4.04 (s, 2H, COCHp),
6.83 (s, 1H, vinyl-H), 7.52 (d, 2H, J=8.58 Hz, ArH), 7.61 (d, 2H, J=8.70
Hz, AtH)

3.47-3.65 (m, 8H, -NCH,CHL,0-), 3.67 (5, 3H, N-CHy), 4.05 (5, 2H, COCHp),
6.86 (s, 1H, vinyl-H), 7.07-7.22 (m, SH, ATH), 7.42-7.53 (m, 4H, ArH)

1.33 (t, 3H, J=7.07 Hz, -COOCH,CH), 3.41-3.61 (m, 8H, -NCH,CH,0-),
3.65 (s, 3H, N-CHa), 4.04 (s, 2H, COCHy), 4.32 (q, 2H, J=14.06, 6.72 Hz,
-COOCH,CHs), 6.84 (s, 1H, vinyl-H), 7.58 (d, 2H, J=8.28 Hz, ArH), 8.05
(d, 2H, J=8.42 Hz, ArH)

3.40-3.62 (m, 8H, -NCH,CH,0-), 3.62 (s, 3H, N-CHy), 4.03 (s, 2H, COCHy),
4.10 (s, 2H, CH,CN), 6.82 (s, 1H, vinyl-H), 7.49 (s, 4H, ArH)

3.47-3.60 (m, 8H, -NCH,CH0-), 3.64 (s, 3H, N-CHz), 4.04 (s, 2H, COCHp),
6.83 (s, 1H, vinyl-H), 7.15-7.59 (m, 4H, ArH)

3.47-3.79 (m, 8H, -NCH,CH,0-), 3.54 (s, 3H, N-CH), 3.96 (s, 2H, COCHy),
6.62 (s, 1H, vinyl-H), 7.19-7.24 (m, 1H, ArH), 7.46-7.51 (m, 2H, ArH)

3.44 (s, 3H, N-CHy), 3.47-3.64 (m, 8H, -NCH,CH,0-), 3.92 (s, 2H, COCH,),
6.46 (s, 1H, vinyl-H), 7.03-7.44 (m, 3H, ArH)

3.48 (s, 3H, N-CHs), 3.50-3.64 (m, 8H, -NCH,CH,0-), 3.93 (s, 2H, COCHy),
6.52 (s, 1H, vinyl-H), 7.33-7.62 (m, 3H, ArH)

347-3.64 (m, 8H, -NCH,CH,0-), 3.50 (s, 3H, N-CH3), 3.95 (s, 2H, COCH,),
6.57 (s, 1H, vinyl-H), 7.37 (t, 1H, }=8.55 Hz, ArH), 7.50 (m, 1H, J=8.54
Hz, ArH), 7.72 (m, 3H, J=10.14, 2.02 Hz, ArH)

2.32 (s, 3H, Ar-CHj), 3.48-3.64 (m, 8H, -NCH,CH;0-), 3.62 (s, 3H, N-CH),
4.02 (s, 2H, COCHy), 6.76 (s, 1H, vinyl-H), 7.24-7.36 (m, 3H, ArH)

1.46-1.58 (m, 6H, -NCH.CH,CH;-), 3.46-3.47 (m, 4H, -NCH,CH,-), 3.63 (s,
3H, N-CH;j), 4.02 (s, 2H, COCH,), 6.84 (s, 1H, vinyl-H), 7.55 (quartet, 4H,
J=19.58, 8.74 Hz, ArH)

1.45-1.58 (m, 6H, -NCH,CH;CH,-), 3.46-3.47 (m, 4H, -NCH,CH;-), 3.62 (s,
3H, N-CHs), 401 (s, 2H, COCH), 6.82 (s, 1H, vinyl-H), 7.44 (d, 2H, }=8.58
Hz, ArH), 7.70 (d, 2H, J=8.68 Hz, ArH)

1.46-1.58 (m, 6H, NCH,CHCH,-), 3.46-3.47 (m, 4H, -NCH,CH;-), 3.58 (s,
3H, N-CHs), 3.98 (s, 2H, COCHy), 6.73 (s, 1H, vinyl-H), 7.5 (d, 2H, J=8.16
Hz, ArH), 7.89 (d, 2H, J=8.58 Hz, ArH)

1.46-1.58 (m, 6H, NCH,CH;CHy-), 3.46-3.47 (m, 4H, -NCH,CH,-), 3.62 (s,
3H, N-CHj), 4.00 (s, 2H, COCHy), 6.77 (s, 1H, vinyl-H), 7.54 (quartet, 4H,
J=23.44, 8.69 Hz, ArH)
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Table 1. A list of synthesised 2-phenylimino-1,3-thiazoline derivatives 1 and the yields, melting points and 'H NMR data (Continued)

compounds

X

R4

yields
(%)

mp.
©

'H NMR data in DMSO-ds

3e

3f

3g

3h

3i

3

3k

31

3m

3n

4-CH,CH;

4-CsHs

4-CO,CoHs

4-CH,CN

3-F

24-di F

2,5-di F

2-F, 4-C1

2-F, 4-Br

2-F, 5-CHs

3-Cl, 4-F

82

73

82

97

27

73

66

65

94

95

60

209-210

196-198

198-199

254-256

194-196

190-194

189-191

197-198

202-203

228-229

212-216

1.20 (t, 31, 1=7.57 Hz, -CH,CHy), 146-1.58 (m, 6H, -NCH,CH,CH,-), 2.64
(quartet, 2H, J=7.48 Hz, -CH,CHy), 3.40-3.47 (m, 4H, -NCH,CHy-), 3.64 (s,
3H, N-CH), 4.02 (s, 2H, COCHy), 6.84 (s, 1H, vinyl-H), 7.39 (m, 4H, J=
1425, 8.58 Hz, ArH)

1.46-1.59 (m, 6H, -NCH,CH:CH,-), 3.46 (m, 4H, -NCH,CH,-), 3.61 (s, 3H,
N-CHs), 4.01 (s, 2H, COCH,), 6.82 (s, 1H, vinyl-H), 7.07-7.22 (m, 5H,
AtH), 7.41-7.50 (m, 4H, ArH)

1.32 (t, 3H, J=7.08 Hz, -COOCH:CHy), 1.46-1.58 (m, 6H, -NCH,CHLCH;-),
3.43-3.46 (m, 4H, NCH,CH,-), 3.56 (s, 3H, N-CHy), 3.98 (s, 2H, COCHy),
4.32 (quartet, 2H, 7=14.04, 7.08 Hz, -COOCH,CIL;), 6.72 (s, 1H, vinyl-H),
750 (&, 2H, J=7.94 Tz, ArH), 8.03 (d, 2H, }=8.58 Hz, ArH)

1.45-1.58 (m, 6H, -NCH,CH,CHy-), 3.40-3.47 (m, 4H, -NCH,CH,-), 3.57 (s,
3H, N-CHs), 3.96 (s, 2H, -CH,CN), 4.08 (s, 2H, COCHp), 6.67 (s, 1H,
vinyl-H), 7.44 (m, 4H, ArH)

1.46-1.59 (m, 6H, -NCILCH,CH,-), 3.46 (m, 4K, -NCH;CH,-), 3.63 (s, 3H,
N-CHz), 4.02 (s, 2H, COCH,), 6.83 (s, {H, vinyl-H), 7.16-7.59 (m, 4H, ArH)

1.46-1.58 (m, 6H, -NCH,CH,CH,-), 3.42-347 (m, 4H, -NCH,CH,-), 359 (s,
3H, N-CHs), 3.98 (s, 2H, COCHy), 6.72 (s, 1H, vinyl-H), 7.22-7.62 (m, 3H,
A

1.46-1.58 (m, 6H, NCILCH,CH,-), 3.47 (m, 7H, -NCHs, -NCH,CH,-), 3.90
(s, 2H, COCH,), 6.50 (s, 1H, vinyl-H), 7.07-7.44 (m, 3H, ArH)

1.46-1.58 (m, 6H, -NCH,CH.CHy-), 3.43-3.47 (m, 4H, -NCIH,CH;-), 3.51 (s,
3H, -NCH3), 3.93 (s, 2H, COCHy), 6.59 (s, 1H, vinyl-H), 7.38 (dd, 1H,
=8.60, 1.80 Hz, ArH), 746 (1, 1H, J=8.48 Hz, AsH), 7.64 (dd, 1H, }=10.36,
191 Hz, ArH)

1.45-1.58 (m, 6H, -NCHCH,CHy-), 3.44-3.47 (m, 4H, -NCH,CH,-), 3.50 (s,
3H, -NCHj), 3.92 (s, 2H, COCHy), 6.58 (s, 1H, vinyl-H), 7.38 (t, 1H, J=
8.53, Hz, ArH), 7.50 (dd, 1H, J=8.58 ,1.24 Hz, ArH), 7.73 (dd, 1H, J=10.12,
1.89 Hz, ArH)

1.46-1.58 (m, 6H, -NCH,CH,CHy-), 2.30 (s, 3H, Ar-CHy), 3.42-3.48 (m, 4F,
NCH,CHy), 3.52 (s, 3H, -NCH3), 3.94 (s, 2H, COCH,), 6.60 (s, 1H,
vinyl-H), 7.15-7.30 (m, 3H, ArH)

1.46-1.58 (m, 6H, -NCH,CH:CIL-), 3.45-3.47 (m, 4H, -NCH;CHy-), 3.58 s,

3H, -NCHs), 3.99 (s, 2H, COCHy), 6.75 (s, 1H, vinyl-H), 7.48-7.72 (m, 3H,
AsrH)
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Table 2. Antifungal activity (control value, %) of the compounds 2 and 3 against typical agrochemical fungi (in vivo) at 100 ppm

Compounds Ra RCB RSB TGM TLB WLR BPM
2a 4.C1 0 5 0 0 0 0
2b 4-Br 38 0 7 0 0 0
2¢ 4-CN 0 29 0 [\ 0
2d 4-CF; 0 0 4 0 1]
2e 4-CH3 56 0 0 0 0 0
2f 4-OCF3 25 0 4 4 3 8
2g 4-CeHs 38 0 4 4 0 0
2g 4-CO,C-Hs 0 0 0 0 0
2h 4-CH.CN 0 4 14 0 0
2i 3-F 0 0 7 3 0
2j 2,4-di F 0 21 0 0 0
2k 2,5-di F 13 0 0 7 3 0
21 2-F, 4-C1 69 0 7 33 8
2m 2-F, 4-Br 13 0 7 13 0
2n 2-F, 5-CH; 38 0 0 0 0
3a 4-Cl 56 0 14 7 0 0
3b 4-Br 13 0 7 0 0 0
3¢ 4-CN 38 0 14 0 0 0
3d 4-OCF; 25 0 7 0 0 0
3e 4-CH,CH; 0 0 0 0 0 0
3f 4-CsHs 13 0 7 7 0 17
3g 4-CO,CHs 38 0 0 7 0 0
3h 4-CHCN 13 0 14 0 0 0
3i 3.F 81 0 7 0 13 0
3j 2,4-di F 90 0 7 0 0
3k 2,5-di F 69 0 7 20 17
3 2-F, 4-Cl 56 0 8 0 0 0
3m 2-F, 4-Br 63 5 17 7 13 0
3n 2-F, 5-CH; 50 0 21 0 0
30 3-Cl, 4-F 13 0 8 0 0 0

RCB, Pyricularia oryzae, Rice blast; RSB Rhizoctonia solani, Rice sheath blight; TGM, Botrytis cinerea, Tomato gray mold; TLB,
Phytophthora infestans, Tomato late blight; WLR, Puccinia recondita, Wheat leaf rust; BPM, Erysiphe graminis, Barley powdery
mildew

Table 3. Antifungal activity (control value, %) of the compounds 1 against typical agrochemical fungi (in vivo) at 100 ppm

Compounds R, R; R4 RCB RSB TGM TLB WLR BPM
la NHCH3(4-Cl, 2-F) CHs 4-Cl 93 0 0 0 0 0
1b NHCHs(4-Cl, 2-F) CHs 2,4-di F 95 0 0 6 0 0
1c NHCsH4(4-Me) CH; 24-di F 98 0 13 0 0 0
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Table 4. Antifungal activity of the compounds 1a, 1b, 1c, and
3j against rice blast typical agrochemical fungi (in vivo) at
100, 10, and 2 ppm

Compounds 100 ppm 10 ppm 2 ppm
3j 90 38 13
1a 93 90 63
1b 95 95 25
1c 98 98 75
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