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Abstract  Sulfonylureas(SUs) are potent and selective inhibitors of acetohydroxyacid synthase and has been used as 
herbicides. Some SUs also displayed other biological activities. In order to discuss the antifungal activity of SUs, a 
series of novel SUs containing aryl-substituted pyrimidine moieties was designed and synthesized. The preliminary 
bioassay showed that the title compounds exhibited moderate to favorable fungicidal activities in vivo. Especially, 
compound 9b exhibited more efficacy than the controls against five fungi at 25 mg/L. These promising results indi-
cate that an aryl group on pyrimidine ring is favorable for antifungal activity and SUs are potential inhibitors for 
some phytopathogenic fungi. 
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1  Introduction 

Acetohydroxyacid synthase(AHAS, also known as aceto-
lactate synthase, EC 2.2.1.6) belongs to a homologous family 
of thiamin diphosphate(ThDP)-dependent enzymes and parti-
cipates in the biosynthetic pathway of branched-chain amino 
acids(BCAA)[1]. The inhibition of AHAS interrupts the cataly- 
tic cycle and prevents the synthesis of BCAA, which is essen-
tial for the subsistence of plants and microorganisms. In addi-
tion, AHAS was found in plants, fungi and bacteria, but not in 
animals, making it an attractive target for the molecular design 
of novel agrochemicals[2―4]. Sulfonylureas(SUs) have been one 
group of the most applied AHAS-inhibitors used as herbi-
cides[5,6].  Given the importance of the BCAA biosynthesis 
pathway in plants and microbes, it seems plausible that AHAS 
inhibitors would not only possess herbicidal activity but also 
have antimicrobial activity. Furthermore, metabolic investiga-
tions have also shown that AHAS activity is required for the 
growth and survival of fungi and bacteria in cell cultures[7―12] 
and in animal models[13,14]. Obviously, there are reasons to 

assume that AHAS inhibitors could be developed as antimi-
crobial agents. 

The SUs have previously been shown to be active against 
Saccharomyces cerevisiae(S. cerevisiae)[15] and fungal patho-
gens Cryptococcus neoformans and Candida albicans[8,9].  
Recently, our group has found that some SUs also showed  
antimicrobial activities against the bacteria-Mycobacterium 
tuberculosis[16,17]. Additionally, crystal structures of S. cerevi-
siae AHAS(as free enzyme and in complex with SUs) have 
been determined[18―20]. These studies have elucidated the mo-
lecular basis for the inhibition of the SUs toward fungal AHAS, 
and provided us some powerful information about the location 
and organization of the active site. With this knowledge in  
hand, it will be helpful for designing new antifungal agents. 

As we all know, the structures of SUs can be generally di-
vided into three parts: ortho-substituted benzene ring(A), sul-
fonylurea bridge(B) and heterocyclic ring(Z=CH, N)(C)(Fig.1).  
Literatures survey revealed that the biological activities of   
the SU molecules were greatly influenced by different 

 
 
 
 
 
 

Fig.1  Structures of sulfonylurea herbicides and title compound 9    
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heterocycles or substituents on them[16,21,22]. Meanwhile, it was 
reported that substituted pyrimidine was an important pharma-
cophore in antifungal agents[23,24], and more attention has been 
paid to improving antifungal activity based on structural mo- 
dification of pyrimidine ring. Thus, it was postulated that some 
modifications at pyrimidine ring might bring SU with some 
unexpected antifungal activity. 

In addition to our investigations on the synthesis of    
biologically active SU compounds, a series of novel SU   
derivatives containing aryl-monosubstituted pyrimidine was 
designed, synthesized and thier in vivo fungicidal activities 
against six phytopathogens were evaluated. The structure-  
activity relationships were also discussed. 

2  Materials and Methods 

2.1  Instruments and Reagents 

The 1H NMR and 13C NMR spectra were recorded on a 
Bruker AV-400 spectrometer with tetramethylsilane as internal 
standard. High-resolution mass spectrometry(HRMS) data were 
obtained on an Agilent 6520 Q-TOF LC/MS instrument. The 

melting points were determined on an X-4 binocular micro-
scope melting point apparatus(uncorrected). 

The reagents used were all analytical or chemical pure.  
All the anhydrous solvents were dried and purified by standard 
methods.  

2.2  Syntheses of Title Compounds 9a—9l 

Substituted pyrimidines 2a—2l were prepared referring to 
the literature methods[25,26](Scheme 1), compound 8 was pre-
pared by previously described methods[27,28](Scheme 2). Com-
pounds 9a―9l were synthesized according to ref. [29,30], and 
the synthetic routes are shown in Scheme 3. A mixture of each 
of compounds 2(1.0 mmol) and compound 8(1.0 mmol) in 
toluene(20 mL) was refluxed and the lower boiling component 
was distilled out continuously. The reaction was monitored by 
thin layer chromatography(TLC). When the reaction was fi-
nished, the reaction mixture was cooled and concentrated. The 
residue was purified by silica gel column with acetone/    
petroleum ether(1:4, volume ratio) as eluent to give compounds 
9a―9l, respectively. 

 
 
 
 
 
 
Ar: a. Phenyl; b. 2-furyl; c. 2-thienyl; d. 2-pyridyl; e. 3-pyridyl; f. 4-pyridyl; g. 3-nitrophenyl; h. 4-nitrophenyl; i. 4-fluorophenyl;              
j. 4-chlorophenyl; k. 4-bromophenyl; l. 4-methylphenyl 

Scheme 1  General synthetic routes for compounds 2a—2l 
 
 
 
 
 
 
 
 
 

Scheme 2  Synthetic routes for compound 8 
 
 
 
 
 
Ar: a. Phenyl; b. 2-furyl; c. 2-thienyl; d. 2-pyridyl; e. 3-pyridyl; f. 4-pyridyl; g. 3-nitrophenyl; h. 4-nitrophenyl; i. 4-fluorophenyl;               
j. 4-chlorophenyl; k. 4-bromophenyl; l. 4-methylphenyl 

Scheme 3  General synthetic routes for title compounds 9a—9l 
N,N-Dimethyl-2-[N-(4-phenylpyrimidin-2-ylcarbamoyl)- 

sulfamoyl]nicotinamide(9a): a white solid, yield 71.2%; m. p. 
211—213 °C. 1H NMR(400 MHz, DMSO-d6), δ: 12.97(br, 1H, 
SO2NH), 10.94(s, 1H, CONH-pyrim), 8.79(d, J=4.6 Hz, 1H, 
Py-H), 8.25(d, J=4.4 Hz, 1H, pyrim-H), 8.23(d, J=7.8 Hz, 2H, 
Ph-H), 8.10(d, J=7.6 Hz, 1H, Py-H), 7.86—7.67(m, 5H, Ph-H, 
Py-H, pyrim-H), 2.81[s, 3H, 1/2N(CH3)2], 2.72[s, 3H, 1/2 
N(CH3)2]. 13C NMR(101 MHz, DMSO-d6), δ: 169.56, 164.00, 

163.38, 158.17, 154.09, 153.20, 152.00, 137.31, 135.93,  
133.06, 129.25, 128.43, 127.57, 126.68, 104.96, 38.62, 35.45. 
HRMS(ESI) calcd. for C19H18ClN6O4S([M+H]+), m/z: 
427.1188; found: 427.1179. 

2-{N-[4-(Furan-2-yl)pyrimidin-2-ylcarbamoyl]sul- 
famoyl}N,N-dimethylnicotinamide(9b): a pale yellow solid, 
yield 73.7%; m. p. 217—218 °C. 1H NMR(400 MHz, 
DMSO-d6), δ: 13.12(br, 1H, SO2NH), 10.88(s, 1H, 
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CONH-pyrim), 8.03(d, J=7.5 Hz, 1H, pyrim-H), 7.89—7.79(m, 
2H, Py-H), 7.52—7.45 (m, 3H, pyrim-H, furan-H), 
6.95—6.79(m, 2H, furan-H), 2.96[s, 3H, 1/2N(CH3)2], 2.85[s, 
3H, 1/2N(CH3)2]. 13C NMR(101 MHz, DMSO-d6), δ: 165.63, 
159.46, 156.91, 149.71, 149.34, 147.33, 146.86, 137.17,  
132.94, 127.89, 126.69, 114.32, 113.22, 112.98, 104.02, 38.21, 
34.27. HRMS(ESI) calcd. for C17H17N6O5S ([M+H]+), m/z: 
417.0981; found: 417.0979. 

N,N-Dimethyl-2-{N-[4-(thiophen-2-yl)pyrimidin-2- 
ylcarbamoyl]sulfamoyl}nicotinamide(9c): a pale yellow solid, 
yield 71.2%; m. p. 219—220 °C.  1H NMR(400 MHz, 
DMSO-d6), δ: 12.77(br, 1H, SO2NH), 10.81(s, 1H, 
CONH-pyrim), 8.74—8.71(m, 2H, Py-H), 8.03—7.88(m, 3H, 
Py-H, pyrim-H), 7.30—7.07(m, 3H, thio-H), 2.85[s, 3H, 
1/2N(CH3)2], 2.73[s, 3H, 1/2N(CH3)2].  13C NMR(101 MHz, 
DMSO-d6), δ: 167.13, 166.15, 163.93, 159.16, 150.18, 149.70, 
137.26, 132.91, 130.74, 130.39, 128.91, 128.13, 127.18, 110.68, 
104.74, 38.72, 34.77.  HRMS(ESI) calcd. for C17H17N6O4S2 

([M+H]+), m/z: 433.0753; found: 433.0753. 
N,N-Dimethyl-2-{N-[4-(pyridin-2-yl)pyrimidin-2-yl- 

carbamoyl]sulfamoyl}nicotinamide(9d): a yellow solid, yield 
68.9%; m. p. 216—217 °C. 1H NMR(400 MHz, DMSO-d6), δ: 
12.96(br, 1H, SO2NH), 10.89(s, 1H, CONH-pyrim), 
8.82—8.65(m, 2H, Py-H), 8.50—8.24(m, 2H, pyrim-H, Py-H), 
8.14—7.62(m, 5H, Py-H, pyrim-H), 2.96[s, 3H, 1/2N(CH3)2], 
2.73[s, 3H, 1/2N(CH3)2].  13C NMR(101 MHz, DMSO-d6), δ: 
167.14, 164.18, 163.33, 159.94, 155.07, 154.45, 149.90, 149.70, 
138.30, 137.77, 137.26, 131.05, 127.18, 125.85, 121.17, 106.32, 
38.72, 34.77.  HRMS(ESI) calcd. for C18H18N7O4S([M+H]+), 
m/z: 428.1141; found: 428.1142. 

N,N-Dimethyl-2-{N-[4-(pyridin-3-yl)pyrimidin-2-yl- 
carbamoyl]sulfamoyl}nicotinamide(9e): a yellow solid, yield 
71.7%; m. p. 206—208 °C. 1H NMR(400 MHz, DMSO-d6) δ: 
10.89(s, 1H, CONH-pyrim), 8.80—8.44(m, 4H, SO2NH, Py-H), 
8.23(d, J=5.5 Hz, 1H, pyrim-H), 7.84—7.64(m, 4H, Py-H), 
7.38(d, J=5.5 Hz, 1H, pyrim-H), 2.96[s, 3H, 1/2N(CH3)2], 
2.85[s, 3H, 1/2N(CH3)2]. 13C NMR(101 MHz, DMSO-d6), δ: 
166.13, 163.42, 161.99, 157.06, 153.75, 150.63, 148.39, 147.28, 
136.88, 135.83, 133.28, 132.98, 127.79, 125.07, 112.78, 106.65, 
38.72, 34.80. HRMS(ESI) calcd. for C18H18N7O4S([M+H]+), 
m/z: 428.1141; found: 428.1144. 

N,N-Dimethyl-2-{N-[4-(pyridin-4-yl)pyrimidin-2-yl- 
carbamoyl]sulfamoyl}nicotinamide(9f): a white solid, yield 
61.4%; m. p. 225—227 °C. 1H NMR(400 MHz, DMSO-d6), δ: 
12.80(br, 1H, SO2NH), 10.93(s, 1H, CONH-pyrim), 8.95(d, 
J=5.3 Hz, 1H, Py-H), 8.74(d, J=7.7 Hz, 2H, Py-H), 8.49(d, 
J=5.2 Hz, 1H, pyrim-H), 8.22(d, J=7.7 Hz, 2H, Py-H), 7.98(d, 
J=5.3 Hz, 1H, Py-H), 7.79(dd, J=7.8, 4.7 Hz, 1H, Py-H), 
7.37(d, J=5.2 Hz, 1H, pyrim-H), 2.85[s, 3H, 1/2N(CH3)2], 
2.73[s, 3H, 1/2N(CH3)2]. 13C NMR(101 MHz, DMSO-d6), δ: 
169.52, 164.13, 163.15, 163.93, 158.16, 154.00, 153.18, 149.80, 
137.26, 132.91, 128.91, 128.13, 127.18, 104.74, 38.32, 34.25. 
HRMS(ESI) calcd. for C18H18N7O4S([M+H]+), m/z: 428.1141; 
found: 428.1138. 

N,N-Dimethyl-2-{N-[4-(3-nitrophenyl)pyrimidin-2-yl- 
carbamoyl]sulfamoyl}nicotinamide(9g): a yellow solid, yield 
68.1%; m. p. 183—184 °C. 1H NMR(400 MHz, DMSO-d6), δ: 

12.70(br, 1H, SO2NH), 10.91(s, 1H, CONH-pyrim), 8.99(s, 1H, 
Ph-H), 8.61(d, J=7.0 Hz, 1H, pyrim-H), 8.22(d, J=7.4 Hz, 1H, 
Py-H), 8.08—7.99(m, 2H, Ph-H, Py-H), 7.76—7.69(m, 2H, 
Py-H, Ph-H), 7.40—7.39(m, 2H, Ph-H, pyrim-H), 2.86[s, 3H, 
1/2N(CH3)2], 2.73[s, 3H, 1/2N(CH3)2]. 13C NMR(101 MHz, 
DMSO-d6), δ: 169.56, 164.98, 163.32, 158.10, 153.26, 153.21, 
152.95, 148.40, 137.26, 136.85, 129.56, 128.42, 126.18, 124.81, 
106.61, 104.91, 103.52, 34.79. HRMS(ESI) calcd. for 
C19H18N7O6S([M+H]+), m/z: 472.1039; found: 472.1039. 

N,N-Dimethyl-2-{N-[4-(4-nitrophenyl)pyrimidin-2-yl- 
carbamoyl]sulfamoyl}nicotinamide(9h): a yellow solid, yield 
65.6%; m. p. 219—221 °C. 1H NMR(400 MHz, DMSO-d6), δ: 
12.75(br, 1H, SO2NH), 10.93(s, 1H, CONH-pyrim), 8.92(d, 
J=5.1 Hz, 1H, pyrim-H), 8.49—8.43(m, 2H, Ph-H, Py-H), 
8.08—7.72(m, 4H, Ph-H, Py-H), 7.54—7.32(m, 2H, Ph-H, 
pyrim-H), 2.97[s, 3H, 1/2N(CH3)2], 2.86[s, 3H, 1/2N(CH3)2].  
13C NMR(101 MHz, DMSO-d6), δ: 167.17, 163.18, 162.79, 
158.26, 153.74, 149.70, 149.26, 142.95, 137.25, 133.28, 128.72, 
127.78, 127.18, 124.37, 107.13, 38.73, 34.78. HRMS(ESI) 
calcd. for C19H18N7O6S([M+H]+), m/z: 472.1039; found: 
472.1033. 

2-{N-[4-(4-Fluorophenyl)pyrimidin-2-ylcarbamoyl]sul- 
famoyl}-N,N-dimethylnicotinamide(9i): a white solid, yield 
56.5%; m. p. 225—227 °C. 1H NMR(400 MHz, DMSO-d6), δ: 
13.02(br, 1H, SO2NH), 10.86(s, 1H, CONH-pyrim), 8.81(d, 
J=5.4 Hz, 1H, pyrim-H), 8.35(d, J=5.5 Hz, 1H, Py-H), 
8.20—8.17(m, 1H, Py-H), 7.90(d, J=7.7 Hz, 2H, Ph-H), 7.84(d, 
J=5.4 Hz, 1H, Py-H), 7.79(d, J=7.7 Hz, 2H, Ph-H), 
7.71—7.68(m, 1H, pyrim-H), 2.85[s, 3H, 1/2N(CH3)2], 2.73[s, 
3H, 1/2N(CH3)2]. 13C NMR(101 MHz, DMSO-d6), δ: 167.16, 
164.20, 162.98, 159.57, 155.09, 149.69, 137.26, 133.93, 131.06, 
129.55, 129.47, 127.17, 116.18, 115.97, 106.06, 38.72, 34.79. 
HRMS(ESI) calcd. for C19H18FN6O4S([M+H]+), m/z: 445.1094; 
found: 445.1097. 

2-{N-[4-(4-Chlorophenyl)pyrimidin-2-ylcarbamoyl]sul- 
famoyl}-N,N-dimethylnicotinamide(9j): a white solid, yield 
69.7%; m. p. 221—223 °C. 1H NMR(400 MHz, DMSO-d6), δ: 
12.95(br, 1H, SO2NH), 10.86(s, 1H, CONH-pyrim), 8.83(d, 
J=4.6 Hz, 1H, Py-H), 8.33(d, J=4.6 Hz, 1H, pyrim-H), 8.21(d, 
J=7.8 Hz, 2H, Ph-H), 8.03(d, J=7.6 Hz, 1H, Py-H), 
7.86—7.67(m, 4H, pyrim-H, Py-H, Ph-H), 2.82[s, 3H, 
1/2N(CH3)2], 2.73[s, 3H, 1/2N(CH3)2]. 13C NMR(101 MHz, 
DMSO-d6), δ: 169.16, 164.20, 163.98, 158.57, 154.09, 153.69, 
137.26, 134.93, 133.06, 129.55, 128.47, 127.17, 126.18, 115.97, 
106.06, 38.72, 35.49. HRMS(ESI) calcd. for C19H18ClN6O4S 
([M+H]+), m/z: 461.0799; found: 461.0794. 

2-{N-[4-(4-Bromophenyl)pyrimidin-2-ylcarbamoyl]sul- 
famoyl}-N,N-dimethylnicotinamide(9k): a white solid, yield 
74.7%; m. p. 207—209 °C. 1H NMR(400 MHz, DMSO-d6), δ: 
12.94(br, 1H, SO2NH), 10.87(s, 1H, CONH-pyrim), 8.36(d, 
J=5.4 Hz, 1H, pyrim-H), 8.12(d, J=8.6 Hz, 1H, Py-H), 8.05(d, 
J=8.3 Hz, 2H, Ph-H), 7.89(d, J=7.7 Hz, 1H, Py-H), 7.80(d, 
J=8.2 Hz, 1H, Py-H), 7.73(d, J=8.5 Hz, 2H, Ph-H), 7.23(d, 
J=5.4 Hz, 1H, pyrim-H), 2.96[s, 3H, 1/2N(CH3)2], 2.76[s, 3H, 
1/2N(CH3)2]. 13C NMR(101 MHz, DMSO-d6), δ: 167.13, 
164.15, 162.74, 157.81, 149.70, 137.26, 136.15, 132.66, 132.28, 
131.04, 129.71, 129.44, 127.19, 125.18, 106.15, 38.72, 34.77. 
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HRMS(ESI) calcd. for C19H18BrN6O4S([M+H]+), m/z: 
505.0294; found: 505.0292. 

N,N-Dimethyl-2-[N-(4-p-tolylpyrimidin-2-ylcarbamoyl)- 
sulfamoyl]nicotinamide(9l): a white solid, yield 73.9%; m. p. 
228—230 °C. 1H NMR(400 MHz, DMSO-d6), δ: 13.18(br, 1H, 
SO2NH), 10.82(s, 1H, CONH-pyrim), 8.28(d, J=5.1 Hz, 1H, 
pyrim-H), 8.09(d, J=7.8 Hz, 2H, Ph-H), 7.98(d, J=7.8 Hz, 1H, 
Py-H), 7.90(d, J=7.7 Hz, 1H, Py-H), 7.74—7.67(m, 1H, Py-H), 
7.40(d, J=7.8 Hz, 2H, Ph-H), 7.10(d, J=5.0 Hz, 1H, pyrim-H), 
2.96[s, 3H, 1/2N(CH3)2], 2.73[s, 3H, 1/2N(CH3)2], 2.41(s, 3H, 
CH3). 13C NMR(101 MHz, DMSO-d6), δ: 164.22, 159.34, 
157.59, 150.20, 142.67, 137.65, 137.27, 133.41, 130.28, 129.75, 
128.33, 127.68, 127.09, 111.93, 105.95, 38.72, 34.78, 21.48.  
HRMS(ESI) calcd. for C20H21N6O4S([M+H]+), m/z: 441.1345; 
found: 441.1344. 

2.3  Fungicidal Activity Assay 

The fungicidal activities of the title compounds 9a—9l 
were tested in vivo against Rhizoctonia solanii(R. solanii), 
Pseudomonas syringae(P. syringae), Phytophthora capsici(P. 
capsici), Corynespora cassiicola(C. cassiicola), Botrytis cine-
rea(B. cinerea), Fusarium oxysporum(F. oxysporum) and their 
relative inhibitory ratios(%) were determined by the mycelim 
growth rate method[31]. The corresponding commercialized 
fungicides(Validamycin, Bacillus subtilis Cohn, Chlorothalonil, 
Dimethomorph, Procymidone and Thiophanate-methyl) were 
used as controls. The inhibition rate(I) was calculated accor- 
ding to the formula: I=(D1−D2)/D1×100%, where D1 is the  
average diameter of mycelia in the blank test, and D2 is the 
average diameter of mycelia in the presence of those com-
pounds. 

2.4  Herbicidal Activity Assay 

The herbicidal activities of target compounds 9a―9l were 
tested against Brassica napus, Amaranthus retroflexus, Echi-
nochloa crusgalli and Digitaria sanguinalis at a dosage of 1500 
g/ha(1 ha=1×104 m2) via the known procedure[32]. Monosulfu-
ron and Nicosulfuron were selected as positive controls. The 
herbicidal inhibition was determined by the fresh mass relative 
to the controls. 

3  Results and Discussion 

3.1  Chemistry 

N,N-Dimethylformamide dimethyl acetal was refluxed 
with arylmethylketones to give the intermediates 1 and     
this reaction solution was used in the subsequent reaction 
without further treatment. Compounds 2a—2l were obtained in 
excellent yields from intermediate 1, which were purified by   

crystallization from a mixture of ethanol/hexane. Compared to 
the previous methods[26,27], this method was much more effi-
ciently and easier to obtain the aryl-monosubstituted pyrimidi-
namines. In this paper, sodium hypochlorite was used as an 
oxidant to facilely generate compound 7 instead of poisonous 
oxidant chlorine. The intermediate 8 was obtained via reaction 
of compound 7 with ethyl chloroformate in acetone in the 
presence of potassium carbonate. As shown in Scheme 3, the 
title compounds 9a—9l were synthesized from intermediates 2 
with compound 8 in toluene under refluxing and monitored by 
TLC. The low-boiling component was distilled out conti-
nuously to improve the yield. 

3.2  Fungical Activities 

The in vivo fungicidal activities of title compounds 9 are 
summarized in Table 1. At the dosage of 100 mg/L, most of the 
target compounds showed moderate to favorable activities in 
inhibiting the mycelial growth of all of the test fungi, while the 
commercialized sulfonylurea herbicide-Nicosulfuron almost 
showed no fungicidal activity. Furthermore, the title com-
pounds also held promising inhibitory activities at a much  
lower concentration(25 mg/L). Especially, compound 9b exhi-
bited much higher inhibition activity than the controls against 
five phytopathogens(R. solanii, P. capsici, P. syringae, C. cas-
siicola and B. cinerea). Compounds 9c, 9e, 9j, 9f and 9k 
showed more efficacy than the controls against two fungi. 
Among all the tested fungi, R. solanii was more sensitive to the 
target compounds compared with the other fungi, revealing that 
the compounds may have selectivity to the phytopathogens. 

The comparison of the fungicidal activities of compounds 
9 against six tested fungi to those of controls leads to the  
following conclusions: (1) the title SUs containing bulky subs-
tituted groups(aryl) in pyrimidine moiety possessed obviously 
much higher antifungal activities than Nicosulfuron(pyrimidine 
was substituted by methoxyl), indicating that an aryl group   
on the pyrimidine ring is favorable for antifungal activity.    
(2) Among the aryl groups, the five-membered aryl-hetero- 
cycles and six-membered aromatic rings with electron deficient 
groups exhibited much higher inhibitory activity than the others.  
For example, compound 9b(2-thienyl) displayed much higher 
fungicidal activities for the tested fungi than the others. (3) For 
the benzyl series, there is no direct relationships between the 
substitutents on the phenyl and the inhibitory rate, but it was 
demonstrated that bromine was a vital factor to increase the 
fungicidal activity. Compound 9k(p-bromophenyl) held pro- 
mising efficacy similar to the control against three fungi. (4) In 
addition, the introduction of pyridyl group(9c, 9d, 9e) did not 
lead to a remarkable increase in activity against the tested  
fungi in comparison with compounds 9g and 9h(m- or 
p-nitrophenyl). 

Table 1  Antifungal activity(%) of title compounds 9a—9l(in vivo)* 
Compd. Dosage(mg·L–1) R. solanii P. syringae P. capsici C. cassiicola B. cinerea F. oxysporum 

9a 100 59.4 28.2 49.6 49.6 62.5 22.2 
  25 40.5 11.9 20.2 33.0 44.5 19.7 

9b 100 81.7 43.9 67.6 62.0 70.0 38.4 
  25 60.4 25.5 36.2 53.4 46.6 19.2 

To be continued on the next page.    
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Compd. Dosage(mg·L–1) R. solanii P. syringae P. capsici C. cassiicola B. cinerea F. oxysporum 
9c 100 84.1 38.2 32.7 39.6 30.6 32.9 
  25 65.9 21.3 14.4 25.7 24.9 18.1 

9d 100 53.4 37.1 31.3 39.9 53.1 53.3 
  25 34.1 20.1 17.2 22.3 37.1 33.0 

9e 100 76.3 34.5 42.6 40.9 55.0 22.6 
  25 59.0 19.1 25.4 28.3 42.3  4.9 

9f 100 67.9 50.0 43.8 44.2 39.8 50.8 
  25 44.5 26.7 22.9 29.6 30.6 28.4 

9g 100 89.3 12.6 23.5 17.2 24.4 39.3 
  25 66.7  8.1 11.7 16.6  9.9 12.9 

9h 100 60.4 45.0 34.5 30.6 14.0 49.4 
  25 47.0 26.2 14.0 21.3  5.2 27.4 

9i 100 48.1 31.8 54.4 30.2 45.6 27.7 
  25 32.1 18.4 24.6 25.8 27 17.2 

9j 100 79.0 46.2 57.9 39.6 62.6 54.4 
  25 60.2 26.5 27.1 27.4 36.4 34.7 

9k 100 63.3 24.5 75.3 72.7 50.4 22.6 
  25 44.1  5.1 41.5 62.5 31.4 11.1 

9l 100 58.3 27.8 40.8 59.8 51.8 53.5 
  25 42.5 10.5 17.3 44.5 36.7 31.4 

Nicosulfuron 100  7.1 25.0 37.3 13.5 26.0 6.5 
  25 –4.9  7.2  8.5  0  9.5 –3.2 

Validamycin 100 71.6 — — — — — 
  25 57.3 — — — — — 

Bacillus subtilis Cohn 100 — 43.8 — — — — 
  25 — 24.2 — — — — 

Dimethomor Ph 100 — — 81.1 — — — 
  25 — — 28.5 — — — 

Chlorothalonil 100 — — — 62.1 — — 
  25 — — — 49.7 — — 

Procymidone 100 — — — — 70.3 — 
  25 — — — — 24.9 — 

Thiophanate-methyl 100 — — — — — 64.1 
  25 — — — — — 36.3  

* Nicosulfuron is commercialized sulfonylurea herbicide. Validamycin, Bacillus subtilis Cohn, Dimethomorph, Chlorothalonil, Procymidone and 
Thiophanate-methyl are corresponding commercialized fungicides against R. solani, P. syringae, P. capsici, C. cassiicola, B. cinerea and F. Oxysporum, respec-
tively; “―” means not tested.  

3.3  Herbicidal Activities 

As shown in Table 2, most of title compounds 9 showed 
extremely low inhibitory activities against the tested plants,   

demonstrating that the bulky group―aryl, introduced to the 
pyrimidine moiety is unfavorable for herbicidal activities and 
confirming that the herbicidal activity-structure relationships 
should obey the Levitt’s guidelines[18]. 

Table 2  Herbicidal activities(%) of compounds 9a—9l (1500 g/ha) 

Compd. 
Brassica napus Amaranthus retroflexus Echinochloa crusgalli Digitaria sanguinalis 

Soil treatment Foliage spray Soil treatment Foliage spray Soil treatment Foliage spray Soil treatment Foliage spray
9a 0 15.0 47.7 0 0 10.0 0 0 
9b 0 15.0 0 54.9 0  5.0 0 35.0 
9c 0 15.0 10.0 53.8 0 15.0 0 33.5 
9d 0 30.0 0 20.0 0 10.0 0 15.0 
9e 0 40.0 0 61.7 0  5.0 0 15.0 
9f 0 20.0 10.0 50.9 0 10.0 0 0 
9g 0 15.0 0 15.0 0  5.0 0 20.0 
9h 5.0  5.0 10.0 15.0  5.0 10.0 5.0 0 
9i 0 20.0 46.5 10.0 0 10.0 0 0 
9j 15.0 15.0 0 20.0 10.0 15.0 0 0 
9k 0 20.0 0  5.0 10.0 15.0 0 15.0 
9l 32.2 10.0 0 15.0 10.0 20.0 0 10.0 

Monosulfuron 100 100 100 100 99.8 100 100 100 
Nicosulfuron 100 100 100 100 100 100 100 100 
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4  Conclusions 
In summary, a series of novel N-(4'-arylpyrimidin- 

2'-yl)sulfonylurea derivatives was designed and synthesized. 
Their structures were characterized by 1H NMR, 13C NMR  
and HRMS. The antifungal results indicated that a bulky 
group(aryl) at the pyrimidine moiety was favorable for anti-
fungal activity and SUs can be considered as potential fungi-
cides. Compounds 9b and 9k were promising leading com-
pounds for development of novel antifungal agents. The herbi-
cidal data indicated that the bulky groups on pyrimidine ring 
were unfavorable for herbicidal activity. Further studies on 
structural optimization and structure-activity relationships of 
these compounds are in progress. 
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