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Abstract: It is well known that furans derivatives have high biological activities and commercialized furans compounds have
extensive applications in life science and medicine field, however, the studies on its potential fungicidal activities are rare and
lack of reports. In order to find novel candidate compounds with high fungicidal efficiency, a series of furans derivatives were
synthesized and their fungicidal activities were evaluated, which provides information for molecular design and modification of
furans compounds with highly effective broad-spectrum fungicidal activities. A series of novel 1,2,3,4-substituted-furans
derivatives were synthesized by one-pot method and the structures were confirmed by 'H NMR and '*C NMR. The fungicidal
activities were evaluated by the mycelium growth rate method in vitro. Compound c7, c14, c15, c17 and c18 against Fusarium
oxysporum had comparable activities with chlorothalonil. Among them, compound c14 and c15 against F. oxysporum with ECs,
value of 14.71 mg/L and 14.39 mg/L, respectively, which were superior to that of chlorothalonil. Dimethyl
5-methyl-4-(2-phenylethynyl) furan-2,3-dicarboxylate deserved further development as one kind of novel promising fungicidal
agents.
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and edema [9, 10].

Moreover, another pharmacological activities of furan
drugs were antibacterial, and the most commonly-used
broad-spectrum antibacterial anti-inflammatory drug was
nitrofuran antibiotics including furazolidone (iii) [11, 12],
nitrofurazone (iv) [13], nitrofurantoin (V) [14] and
furaltadone (vi) [15], which have been widely used in
aquaculture and livestock raising for the prevention and
treatment of enteritis, scabies, red fin disease and ulcers
caused by Escherichia coli or Salmonella infection.

About pesticidal activities, some furan derivatives exhibit
efficient insecticidal activity, for instance, carbofuran (VII),
once was widely used as a nematicide on soybeans, rice,
potatoes, fruits and vegetables, however, the use of carbofuran
has been restricted at present in many regions [16].

Furan derivatives, the subject of extensive attention in
pesticide and medicine fields, worth the attention for many
reasons: it is not only extensively used as synthetic building
blocks for the synthesis of more complex compounds, but also

1. Introduction

Furans derivatives are a fundamental class of oxo
five-membered hererocyclic compounds, furan rings exist in
many natural products and drug molecules widely [1-3].
Because its privileged skeleton could be optimized by bearing
many active substituted groups, substituted furans play an
important role in organic molecular design. More importantly,
substituted-furan derivatives exhibit extensive bioactivities
and pharmacological activities, which have become important
drug molecules structural units and synthetic intermediates
[4-6].

As shown in Figure 1, furan derivatives were put on the
market and now more than 10 furan derivatives commercially
available. Among the marketed drugs, ranitidine (i) was
effectively applied in the treatment of peptic ulcer by
inhibiting gastric acid secretion [7, 8] and furosemide (ii) was
used widely as loop diuretics to treat congestive heart failure
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as communicating moieties in molecular materials [17].
Recently, organic synthesis chemists have been making
extensive efforts to construct furans derivatives by developing
new and efficient synthetic transformations [18-21].

Although several useful procedures have been developed
which allow the preparation of functionalized furan molecules,
there only few chemists and biologists interested in
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application those novel method on bioactivity. In the study, we
not only designed and synthesized a series of functionalized
furan compounds by optimization of synthetic routes and
reaction conditions, but also explored their fungicidal
activities, which is of great significance to further study on
structure-activity relationships and screening for efficient
broad-spectrum lead compounds with low toxicity.
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Figure 1. Substituted-furans derivative with different biological activities.
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2. Materials and Methods
2.1. Materials

2.1.1. Plant Pathogen

All the compounds were tested for their fungicidal activities
against five phytopathogenic fungi including Fusarium
oxysporum, Alternaria solani, Fusarium graminearum,
Rhizoctonia solani and Valsa mali, which were supplied by
Guangdong Institute of Microbiology. The tested pathogenic
fungi were inoculated in potato dextrose agar medium (PDA)
at 37°C for 3~7d.

2.1.2. Instruments and Reagents
Bruker Avance III Nuclear magnetic resonance
spectrometer (TMS, CDCl;). DABCO, dichloromethane,

alkyne, alkynyl alcohol, toluene, nano-Cu,O, AgOAc and
triphenylphosphin, ether, hexane, ethyl acetate were
commercially available analytical reagent. Chlorothalonil was
used as control fungicide and the purity is 97.12%, which was
made from Jiangsu Ruibang Pesticide Factory Co., Ltd.

2.2. Synthesis and Characterization of Target Compounds

2.2.1. Synthetic Route

The construction of furan derivatives with structurally
diverse substituted groups are an effective way to obtain new
heterocyclic derivatives with high fungicidal. The strategy of
the synthetic approach is convenient and simple to construct
different poly-substituted furan compounds (cl-c26) in the
presence of nano-Cu,0 or AgOAc, respectively (Figure 2).
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Figure 2. Regents and Conditions: a) PdCl,, Cul, NEt;, THE, rt; b) BuLi, -78°C; ¢) DABCO/, CH-CL,, rt; d) AgOAc, PPh;, DMF, 50°C.

2.2.2. Preparation of Furans Derivatives

The novel 1,2,3,4-substituted-furans derivatives were
synthesized with DABCO as catalyst via nucleophilic addition
reaction in dichloromethane. The mixture of alkyne and
alkynyl alcohol was added to dichloromethane in a round
bottom flask under stiring and then a catalyst amount of
DABCO was added. After reacting for 10 min, the solvent was
evaporated, and then 2-3ml of toluene, AgOAc and
triphenylphosphine were added into the round bottom flask.
The reaction mixture was stirred at 50°C until reaction was
over. A yellow mixture obtained was evaporated under
reduced pressure and extracted with ether-water solution (1:1,
V/V), and the residue was washed with ultrapure water (20
mlx3). The reaction mixture extracted by ether was dried by
anhydrous sodium sulfate and concentrated by rotary vacuum
evaporation. The crude product was finally separated and
purified by column chromatography with hexane-ethyl acetate

(6:1, V/V).
2.3. Bioassay

The preliminary fungicidal activities were evaluated by the
mycelium growth rate method in vitro at the concentration of
50 mg/L. All the compounds were tested for their fungicidal
activities against five phytopathogenic fungi including
Fusarium  oxysporum,  Alternaria  solani,  Fusarium
graminearum, Rhizoctonia solani and Valsa mali.
Chlorothalonil, a commercial fungicide, was used as the
positive control. The synthesized compounds and positive
control were dissolved thoroughly in dimethyl sulfoxide to
prepare 20 g/L stock solutions, which were diluted to tested
solutions at concentration of 500 mg/L with 0.1% Tween-80
solution before test. A given volume of tested agent was mixed
with sterilized PDA medium at about 55°C in a ratio of 1:9
(v/v) containing 50 mg/L tested compounds. Then the fresh
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fungus cakes with diameter of 4 mm were inoculated onto the
plate center with mycelium downward and were cultured at
27°C. Until mycelium growing up to two-thirds of plates, the
diameters of fungus mycelia were measured by cross method.
The test had set up blank control group added no tested
compound and was repeated in triplicate. The average
diameters of fungus mycelia were used to calculate inhibition
rate according to the formula: 7 = (Dc-Dt)/(Dc-0.4) x 100%. /
was inhibition rate, Dc and Dt were the average diameters of
mycelia in the blank control group and compound treatment
groups, respectively.

In addition, ECsy value of compounds with potential
fungicidal activities against F. oxysporum was further tested.
Briefly, the plates containing compound at various
concentrations were prepared by the two-fold agar dilution
method and final concentration of the test compound in the
culture medium was 100.0, 50.0, 25.0, 12.5, 6.25 and 3.125
mg/L, respectively. The relationship between the probability
value of inhibition rate and logarithm of compound
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concentrations was explored by regression analysis, and
obtained toxicity regression equations, ECs, value and its with
95% confidence interval.

3. Results and Discussion
3.1. Chemistry

According to the synthetic route, a series of new type furans
derivatives were designed, synthesized and characterized with
'H NMR and "*C NMR spectra (Table 1). As shown in Table 2,
various electron-deficient alkynes with 2-yn-1-ols underwent
this process smoothly in moderate to good yields (20%-79%)
in the presence of air under atmospheric pressure. These
results indicated that this transformation tolerates functional
groups including the electron-rich and electron-withdrawing
groups at different positions of the aromatic ring. Notably, no
other regioisomers were detected, which was indicated that
this cyclization was regioselective and chemoselective.

Table 1. '"H NMR (400 MHz, CDCl;) and *C NMR (100 MHz, CDCl;) data of target compounds.

Compounds "H NMR, &y BC NMR, 3
cl 630 (s, 1H), 4.25-4.31 (m, 4H), 2.30 (s, 3H), 1.26-1.32 (m, 6H) igzsj’ 157.8,155.4,142.0, 125.1, 1092, 612, 14.1, 14.0,
2 4.27-4.35 (m, 4H), 2.25 (s, 3H), 1.96 (s, 3H), 1.29-1.35 (m, 6H) 1231'9’1;577'2’51052'0’ 140.0,126.5, 116.57, 61.3, 61.0, 14.2,
3 4.28-4.36 (m, 4H), 2.39 (d, 2H, J = 7.6 Hz), 2.27 (s, 3H), 1.29-1.36 (m,  164.1, 157.9, 151.8, 139.7, 122.8, 110.8, 61.4, 61.0, 16.9,
6H), 1.07 (t, 3H, J = 7.6 Hz) 147, 14.1, 14.0, 11.7
“ 7.22-7.34 (m, SH), 4.29 (q, 2H, J= 7.2 Hz), 421 (q, 2H, J= 7.2 Hz), 2.34  163.9, 157.8, 152.6, 139.5, 131.7, 130.7, 128.8, 128.3, 127.7,
(s, 3H), 1.31 (t, 3H, J= 7.2 Hz), 1.14 (t, 3H, J = 7.2 Hz) 126.6, 122.6, 111.4,61.6, 61.2, 14.2, 13.9, 12.6
L TR T T 6 1 5 s i 00 g 0 50
¢ e Hi)’ =S 2, SR 2, B AT O8 B A 1267, 125.8, 1227, 61.6, 61.2,21.3, 141, 13.9, 12,6
% 7.11-7.26 (m, 4H), 4.39 (q, J = 8.0 Hz, 2H), 4.14 (q, 2H, J= 8.0 Hz), 2.21  163.3, 157.9, 152.7, 140.0, 137.4, 130.4, 129.9, 128.3, 126.9,
(s, 3H), 2.15 (s, 3H), 1.37 (t, 3H, J = 8.0 Hz), 1.08 (t, 3H, J = 8.0 Hz) 125.5,122.4, 111.3, 61.2, 60.6, 19.7, 14.2, 13.7, 12.3
8.05 (d, 2H, J = 8.0 Hz), 7.34 (t, 2H, J = 8.0 Hz), 4.37 (g, 2H, J = 8.0 Hz),
c7 4.26 (q, 2H, J= 8.0 Hz), 3.90 (s, 3H), 2.39 (s, 3H), 1.33 (¢, 3H, J= 8.0 Hz), igg? ig?g éﬁf;fj '(5)’2115 21'?( 114;)3'05 11325 75 1 1R
1.19 (t, 3H, J = 8.0 Hz) e e i
7.22 (d, 2H, J= 8.0 Hz), 6.94 (t, 2H, J = 9.6 Hz), 4.39 (q, 2H, J = 8.0 Hz),
c8 427 (q, 2H, J= 8.0 Hz), 3.82 (s, 3H), 2.39 (s, 3H), 1.36 (t, 3H, J= 7.2 Hz), ifig 596'1’61527'2’512521'2’ 113193‘39’ 11320'50’ 126.7,1229,122.2,
1.24 (t, 3H, J= 7.2 Hz) et s b e
7.97(d, 1H, J=8.0 Hz), 7.49 (t, IH, J=7.6 H2), 742 (t, 10, /=76 H2), | 165 ¢ 1580 1522, 140.4, 131.9, 1316, 131.1, 130.5,
c9 7.22(d, 1H,J=7.6 H2), 436 (q, 2H,J= 6.8 H2), 4.09 (4, 2H, /=68 Ha), oo 2 “0in 90 A0 WL P B
3.72 (s, 3H), 2.20 (s, 3H), 1.34 (t, 3H, J = 7.2 Hz), 1.03 (t, 3H, J= 7.2 Hz) e e e e
10 7.19 (s, 4H), 4.35 (q, 2H, J=7.2 Hz), 4.25 (q, 2H, J= 7.2 Hz), 2.63 (q, 2H,  164.0, 157.8, 152.5, 143.8, 139.4, 128.7, 128.0, 127.9, 126.7,
J=17.6 Hz), 2.38 (s, 3H), 1.33 (t, 3H, J= 6.8 Hz), 1.18-1.25 (m, 6H) 122.6, 61.6, 61.2,28.5, 153, 14.2, 13.9, 12.6
7.23-7.33 (m, 2H), 7.06-7.15 (m, 2H), 4.35 (q, 2H,/=8.0H2), 4.18 (4, 2H, 5 | 1577 1536 140.5, 131.3, 1299, 126.3, 124.0, 118.6,
cll J=8.0Hz2),2.50 (q, 2H,J=7.6 H2), 230 (5, 3H), 1.3 (t 3H,J=7.2 Hz), | " Do 70 e S 0
1.14 (t, 3H, J = 7.2 Hz), 0.99 (t, 3H, J = 7.2 Hz) e SERHs Wi U fatkesy i Sl e S
ol 7.30-7.33 (m, 2H), 7.07-7.15 (m, 2H), 4.36 (q, 2H, J=7.2 Hz), 421 (q,2H,  163.1, 157.7, 153.6, 140.5, 131.3, 129.9, 129.8 126.3, 124.1,
J=8.0Hz),231 (s, 3H), 1.32 (t, 3H, J= 7.2 Hz), 1.15 (t, 3H,J=72 Hz)  118.6, 115.8, 115.6, 61.4, 613, 14.1, 13.8, 12.7
i 7.33-7.34 (m, 1H), 7.05-7.06 (m, 2H), 4.30-4.39 (m, 4H), 2.49 (s, 3H), 163.7,157.6, 153.2, 139.5, 132.9, 127.3 126.9, 125.9, 116.1,
¢ 1.28-1.37 (m, 6H) 111.6, 61.9, 61.4, 14.2, 13.9, 13.0
ol (7&8;}(5,‘]2:}17,2;;2 4le3)’(7‘3261'{7§1 (6“; 13{21))’3753256 ((dﬁg’ 2J 3:28(‘2 ?I_ZI)) ?32 164.6, 158.7, 153.7, 148.2, 130.7, 130.2, 128.5, 128.0, 127.5,
9 ibd/= D 12 PaLChILY (i AEbd/Slakdh S Aaly ceits Eh Sl Lo 1252, 122.5, 115.0, 113.4, 60.3, 55.2, 13.6, 11.9
(t, 3H, J = 6.8 Hz)
s 7.45-7.47 (m, 2H), 7.31-7.33 (m, 3H), 3.93 (s, 3H), 3.89 (s, 3H), 2.49 (s,  162.6, 159.4, 157.8, 140.6, 131.6, 128.7, 128.5, 1264, 122.7,
¢ 3H) 106.5,94.9, 52.7, 52.5, 13.2
o6 7.37(d, 2H, J=8.0 Hz), 7.13 (d, 2H, J= 7.2 Hz), 3.95 (s, 3H), 3.91 (s, 3H),  162.0, 158.5, 157.2, 140.0, 138.3, 130.9, 128.6, 125.9, 119.1,
2.50 (s, 3H), 2.36 (s, 3H) 106.0, 94.5, 52.0, 51.8, 20.9, 12.5
191.1,154.4, 151.8, 143.4, 138.2, 134.8, 130.6, 129.8, 128.6,
cl7 (78'8‘3‘13‘;’ ;218‘](; §£)HZZ)3’17'(2 33(1‘1’)211’ J=80Hz2),7.06-722 (m, 9H), 2.53 105 1975, 127.4, 1262, 126.0, 122.7, 121 2, 105.6, 94.5,
p Flp Sty SRp el (s 79.6,21.4,20.7, 12.3
cl8 7.94 (d, 2H, J = 7.2 Hz), 7.08-7.65 (m, 13H), 2.54 (s, 3H) 191.3, 154.8, 151.9, 137.2, 132.7, 130.7, 129.6, 128.8, 128.4,
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Compounds "H NMR, &y BC NMR, 3
128.3,128.2, 128.1, 127.9, 127.8, 127.6, 127.5, 126.7, 126.1,
122.5,121.7,105.7,94.7,79.4, 12.3
189.8,156.9, 151.5, 139.7, 131.3, 130.9, 130.0, 129.7, 129.2,
cl9 7.76-7.78 (m, 2H), 7.20-7.36 (m, 7H), 6.23 (s, 1H), 2.37 (s, 3H) 129.1, 128.9, 128.0, 127.9, 126.3. 122.5, 109.0, 13.3
20 7.74 (d, 2H, J = 8.0 Hz), 7.37-7.43 (m, 2H), 7.22-7.33 (m, 3H), 7.16-7.20 191.0, 152.4, 138.0, 133.5, 132.2, 131.9, 130.1, 129.8, 129.7,
(m, 2H), 6.46 (s, 1H), 2.43 (s, 3H) 129.3, 127.8, 126.3, 124.3, 108.2, 13.4
191.9,150.7, 149.1, 137.6, 133.4, 132.5, 132.1, 132.0, 130.1,
c21 7.71-7.73 (m, 2H), 7.42-7.44 (m, 1H), 7.14-7.32 (m, 11H), 2.47 (s, 3H) 129.8,129.6, 129.4, 129.3, 128.1, 127.7, 126.8, 126.4, 124.2,
122.8,12.3
191.0,154.5, 148.4, 138.4, 132.6, 132.0, 131.7, 131.0, 129.6,
c22 7.70-7.73 (m, 2H), 7.29-7.35 (m, 5H), 7.16-7.25 (m, 7H), 2.37 (s, 3H) 129.3,128.9, 128.5, 128.1, 127.9, 127.7, 127.5, 126.8, 125.9,
123.3,12.0
23 7.78-7.80 (m, 2H), 7.63-7.66 (m, 2H), 7.30-7.39 (m, 3H), 7.06-7.08 (m, 183.4,153.6, 151.3, 144.8, 134.2, 133.9, 133.0, 130.8, 130.0,
1H), 6.44 (s, 1H), 2.45 (s, 3H) 128.6, 128.3, 127.8, 127.0, 121.6, 109.3, 13.4
4 7.88-7.90 (m, 3H), 7.48-7.60 (m, 3H), 7.38-7.40 (m, 1H), 7.08-7.10 (m, 190.5,150.4, 138.9, 132.2, 132.0, 129.3, 128.2, 127.6, 127.3,
1H), 6.29 (s, 1H), 2.41 (s, 3H) 127.1,120.3, 109.7, 13.3
7.87 (d, 2H,J=8.0 Hz), 7.82 (d, 2H, J=8.0 Hz), 7.74 (d, 2H, J=8.0 Hz), 191.9,191.7, 154.9, 153.9, 151.0, 150.8, 143.5, 138.7, 138 .4,
25 7.64 (d, 2H, J=8.0 Hz), 7.38-7.43 (m, 3H), 7.30-7.32 (m, 3H), 7.21 (d,2H, 135.8, 132.5, 132.3, 130.1, 129.9, 129.6, 129.4, 129.0, 128.9,

J=8.0 Hz), 7.14 (d, 2H, J = 8.0 Hz), 6.31 (s, 2H), 2.42 (s, 3H), 2.41 (s,

3H), 2.39 (s, 3H), 2.34 (s, 3H)

7.85(d, 2H, J= 8.0 Hz), 7.80 (d, 2H, J = 8.0 Hz), 7.62 (d, 2H, J = 7.2 Hz),
26 7.53 (d, 2H, J = 8.0 Hz), 7.38-7.43 (m, 2H), 7.25-7.32 (m, 16H), 7.08-9.10
(m, 4H), 2.50 (s, 3H), 2.49 (s, 3H), 2.32 (s, 3H), 2.31 (s, 3H)

128.6,128.4, 128.3, 128.2, 128.1, 127.3, 127.2, 127.1, 127.1,
121.9,121.1,109.8, 109.7, 21.6, 21.3, 13.5, 13.4

194.0, 193.8, 148.3, 144.4, 138.3, 133.3, 132.6, 132.5, 130.2,
130.0, 129.4, 129.3, 128.7, 128.5, 128.4, 128.2, 127.1, 126 4,
126.2,123.7,21.8,21.4,12.6, 12.5

Table 2. Nano-Cu;O-catalyzed synthesis of furan derivatives.

Product R! R? R’ R* Yield (%)
cl H CO,Et OEt H 71
c2 CH; CO,Et OEt H 70
c3 Et CO,Et OEt H 64
c4 Ph CO,Et OEt H 68
c5 m-CH;Ph CO,Et OEt H 68
c6 0-CHsPh CO,Et OEt H 59
c7 p-CH;CO,Ph CO,Et OEt H 69
c8 p-CH;0Ph CO,Et OEt H 66
c9 0-CH;0Ph CO,Et OEt H 55
cl0 p-EtPh CO,Et OEt H 67
cll o-EtPh CO,Et OEt H 53
cl2 o-FPh CO,Et OEt H 62
cl3 2-thienyl CO,Et OEt H 64
cl4 p-CH;0Ph Ph OEt H 79
cls p-phenylethynyl COMe OMe H 70
cl6 p-tolylethynyl COMe OMe H 68
cl7 p-phenylethynyl p-CH;Ph p-CHsPh H 75
cl8 p-phenylethynyl Ph Ph H 72
cl9 H Ph o-chlorophenyl H 37
c20 H o-chlorophenyl Ph H 37
c21 Ph Ph o-chlorophenyl H 29
c22 Ph o-chlorophenyl Ph H 35
c23 H Ph 2-thienyl H 36
c24 H 2-thienyl Ph H 36
c25 p-CH;Ph Ph H H 44
c26 Ph p-CH;Ph Ph H 20

3.2. Fungicidal Activity

All the compounds were evaluated for the fungicidal
activities against five phytopathogenic fungi and the results
were listed in Table 3. In general, the fungicidal activities
screening results indicated that the fungicidal activities of ¢7,
c8, c10 against F. oxysporum and A. solani, and that of c15,
cl7, c18 against F. graminearum, R. solani and V. mali were
considerable at the concentration of 50 mg/L with growth

inhibition rate of more than 50%.

Among them, except F. oxysporum, all compounds showed
weaker fungicidal activities against the other four tested fungi
than that of the commercial fungicide chlorothalonil. However,
cl14 and c15 exhibited much higher fungicidal activities against
F. oxysporum than that of chlorothalonil with inhibitory rate of
73.64% and 79.86%, respectively, especially, cl4 only
obviously inhibited the mycelia growth of F. oxysporum, which
showed its fungicidal spectrum might be too specific.
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Table 3. Fungicidal activities of the tested compounds in vitro (50 mg/L).

Compounds F. oxysporum A. solani F. graminearum R. solani V. mali

c7 68.92+0.10 51.544+0.09 37.43+0.19 33.37+0.35 29.32+0.31
c8 62.43+0.06 59.89+0.07 32.04+0.04 42.56+0.17 30.47+0.40
cl0 65.85+0.25 62.51+0.17 40.67+0.15 39.20+0.16 28.33+0.19
cl4 73.64+0.10 40.5540.11 37.42+0.18 41.17+0.70 27.64+0.42
cls 79.86+0.25 64.43+0.25 55.31+0.11 61.94+0.04 65.59+0.32
cl7 68.36+0.18 52.51+0.20 61.44+0.14 55.73+0.16 53.70+0.03
cl8 69.39+0.28 54.28+0.19 58.65+0.26 55.08+0.11 51.22+0.31
Chlorothalonil 66.85+0.31 72.23+0.35 76.66+0.19 89.56+0.32 70.75+0.22

Thus, F. oxysporum was chosen as the further tested fungi
to determine the toxicity regression equation and median
effective concentration (ECsp) of the target compounds in
order to provide a reference for structure-activities
relationship study, and the results were showed in Table 4. The
bioassay results indicated that c14 and c15 had appreciable
inhibitory effect on F. oxysporum with ECsy value of 14.71
mg/L and 14.39 mg/L, respectively, which was superior to that
of positive control with ECs, value of 28.15mg/L. Meanwhile,
ECsy values of the other compounds except c14 and cl15
ranged from 20.74 mg/L to 31.43 mg/L, which was equal or
similar to that of chlorothalonil. In summary, compared with

the other compounds, c15 exhibited the strongest fungicidal
activities against four phytopathogenic fungi except F.
graminearum. Recently, the researches of novel furans
derivatives mainly focus on its potential biological activities
against clinical bacteria and food microorganism, such as
a-fury lacrylic acid [22] and 5-hydroxymethyl
furan-3-carboxylic acid [23], but rarely on fungicidal
activities, which indicated that it is quite important to further
explore its fungicidal mechanism. However, all synthetic
furans compounds in this study used as candidate clinical
antibacterial medicine or food preservatives also require
further study and measurement.

Table 4. The ECs) value of tested compounds against F. oxysporum.

Compound Toxicity regression equation  Correlation coefficient (R%) ECsy (mg/L) ECs0(95% CI) (mg/L)
c7 y=1.536x+2.832 0.979 25.79 24.55~27.09
c8 y=1.407x+2.981 0.984 27.23 23.42~31.03
cl0 y=2.308x+1.544 0.987 31.43 29.71~33.17
cl4 y=1.749x+2.958 0.958 14.71 13.43~16.03
cls y=1.419x+3.357 0.960 14.39 13.33~15.43
cl7 y=1.530x+2.877 0.968 24.41 22.89~25.97
cl8 y=1.610x+2.88 0.991 20.74 20.69~20.83
Chlorothalonil y=1.484x+2.849 0.988 28.15 25.44~30.94

4. Conclusions

A series of furan derivatives were synthesized and the
research provided a convenient strategy for synthesis of novel
substituted-furans derivatives. The bioassay results indicated
that c14 and c15 exhibited higher fungicidal activities against
F. oxysporum than chlorothalonil. Among the synthesized
compounds, cl15, c17 and c18 could inhibit the mycelium
growth of five phytopathogenic fungi effectively, had more
wider fungicidal spectrum than the other compounds.
Especially, c15 exhibited more stronger fungicidal activities
against F. oxysporum, A. solani, R. solani and V. mali than the
other compounds. In conclusion, c15 has great research value
and broad application prospect as potential lead structure for
structural optimization.
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